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COMPOUNDS AND METHODS FOR THE TREATMENT OF 
CARDIOVASCULAR, INFLAMMATORY AND IMMUNE DISORDERS 

FIELD OF THE INVENTION 

This invention is in the area of 
compounds, pharmaceutical compositions and methods 
for the treatment of inflammatory, cardiovascular 
and immune disorders. The compounds and 
compositions of the present invention exhibit these 
biological activities by acting as PAF receptor 
antagonists and/ or by inhibiting the enzyme 
5-lipoxygenase . 

BACKGROUND OF THE INVENTION 

Platelet activating factor (PAF , 
l-0-alkyl-2-acetyl-£rn-glycerol-3-phosphorylcholine) 
is a potent inflammatory phospholipid mediator with 
a wide variety of biological activities. PAF is 
generated and released by monocytes, macrophages, 
polymorphonuclear leukocytes (PMNs) , eosinophils, 
neutrophils, natural killer lymphocytes, platelets 
and endothelial cells, as well as by renal and 
cardiac tissues under appropriate immunological 
and non- immunological stimulation. PAF causes the 
aggregation and degranulation of platelets at very 
low concentrations. The potency (active at 1CT 12 to 
lcr 9 M) , tissue level (picomoles) and short plasma 
half life (2-4 minutes) of PAF are similar to those 
of other lipid mediators such as thromboxane A 2 , 
prostaglandins, and leukotrienes . 

While PAF mediates essential biological 
responses, it also appears to play a role in 
pathological immune and inflammatory responses. 
Many published studies have provided evidence for 
the involvement of PAF in human diseases, including 
arthritis, acute inflammation, asthma, endotoxic 
shock, pain, psoriasis, ophthalmic inflammation, 
ischemia, gastrointestinal ulceration, myocardial 
infarction, inflammatory bowel diseases, and acute 
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respiratory distress syndrome. Animal models also 
demonstrate that PAF is produced or increased in 
certain pathological states. Thus, compounds 
and/or pharmaceutical compositions which act as PAF 
5 receptor antagonists will be useful in the 

treatment of these and other disease states in 
which excessive amounts of PAF are present. 

Leukotrienes, like PAF, are potent local 
mediators, playing a major role in inflammatory and 

10 allergic responses, including arthritis, asthma, 
psoriasis, and thrombotic disease. Leukotrienes 
are straight chain eicosanoids produced by the 
oxidation of arachidonic acid by lipoxygenases. 
Arachidonic acid is oxidized by 5-lipoxygenase to 

15 the hydroperoxide 5-hydroperoxyeicosatetraenoic 

acid (5-HPETE) , which is converted to leukotriene 
A 4 , which in turn can be converted to leukotriene 
B 4 , C 4 , or D 4 . The slow-reacting substance of 
anaphylaxis is now known to be a mixture of 

2 0 leukotrienes C 4 , D 4 , and E 4 , all of which are potent 

bronchoconstrictors. There has been a long 
established research effort to develop specific 
receptor antagonists or inhibitors of leukotriene 
biosynthesis, to prevent or minimize pathogenic 
25 inflammatory responses mediated by these compounds. 
As such, compounds and/ or pharmaceutical 
compositions which inhibit the 5-lipoxygenase 
enzyme will be useful in the treatment of disease 
states in which excessive amounts of leukotrienes 

3 0 are present. 

Given the significant number of 
pathological immune and inflammatory responses that 
are mediated by PAF and leukotrienes, there remains 
a need to identify new compounds and compositions 
3 5 that exhibit PAF receptor antagonistic activity 
and/ or inhibit the enzyme 5-lipoxygenase (5-LO) . 
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SUMMARY OF THE INVENTION 

2 , 5-Diaryl tetrahydrothiophenes , 
tetrahydrofurans and 1,3 -diary 1 cyclopentanes 
depicted in Formula 1 are inhibitors of PAF and/ or 
5 5-LO. They can be used for the treatment of 

pathological immune, inflammatory or cardiovascular 
disorders . 




Formula I 



10 wherein: 

Ar 1 is either 




15 and wherein: 

W is independently selected from the 
group consisting of: -AN(OM) C(0)N(R 3 )R 4 , 
-AN (R 3 ) C (O) N (OM) R 4 , -AN (OM) C (O) R 4 , 
-AC(0)N(OM)R 4 f -N(OM)C(0)N(R 3 )R 4 , 

20 -N(R 3 )C(0)N(OM)R 4 , -N (OM) C (O) R 4 , 

-C(0)N(OM)R 4 , -S(0) n R 3 , -S(0) nr CH 2 C(0)A f 
-S(0) n -CH 2 CH(OH) A, and -C(0)NHA, 
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X is 0, S, S(O) , CR 5 ; 

Y 1 , Y 2 are independently selected from the 
group consisting of: 

(a) hydrogen; 
5 (b) lower alkyl, lower alkoxy, 

lower alkenyl, lower alkynyl, 
alkylaryl; 
(c) -AN(OM) C(0)N(R 3 )R 4 , 
-AN (R 3 ) C (O) N (OM) R 4 , 
10 -AN(OM) C(0)R 4 , -AC(0)N(OM)R 4 

-AN(R 3 ) C(0)N(OM)R 4 , 
-C(0)N(OM)R 4 , and 
-C(0)NHR 3 ; 
wherein A is selected from the group 
15 consisting of substituted or 

unsubstituted lower alkyl, lower 
alkyl-alkoxy , -lower alkyl-heterocycle- 
lower alkyl-, specifically including -CH 2 - 
heterocycle-CH 2 -, wherein the heterocycle 

2 0 is preferably furan or pyridine, more 

preferably, wherein the alkyl 
substituents are in the 2 and 5 positions 
of the furan ring, or the 2 and 6 
positions of the pyridine ring, lower 
25 alkenyl, lower alkynyl, alkaryl or 

aralkyl; M is selected from hydrogen, a 
pharmaceutical ly acceptable cation, and a 
metabolically cleavable leaving group; R 1 
and R 2 are independently selected from 

3 0 hydrogen, lower alkyl, preferably lower 

alkyl of 1-6 carbon atoms, e.g., methyl, 
eye lopropyl -methyl , ethyl , isopropyl , 
butyl, pentyl and hexyl, as well as C 3 _ 8 , 
cycloalkyl, for example, cyclopentyl, 
3 5 halo lower alkyl, especially 

haloalkyl, for example, trif luoromethyl , 
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halo, especially fluoro, -COOH; R 3 and R 4 
are independently selected from the group 
consisting of hydrogen , substituted or 
unsubstituted alkyl, substituted or 
5 unsubstituted alkyl where one or more 

carbon atoms are replaced by S, N , or 0, 
substituted or unsubstituted cycloalkyl 
of from 3 to 10 carbon atoms, substituted 
or unsubstituted cycloalkyl of from 3 to 

10 10 carbon atoms, where one or more 

carbons are replaced by S, N, or 0, 
preferably lower alkyl, alkenyl, 
preferably lower alkenyl, alkynyl, 
preferably lower alkynyl, aryl, 

15 preferably phenyl, aralkyl, preferably 

benzyl, alkaryl, preferably toluyl, 
alkoxy-C M0 alkyl, alkylthio-C^ alkyl, 

Cj.6 hydroxy-C^ alkyl, C x _ 6 carbonyl-C^ 
alkyl, C^ 6 amino- alkyl; 

2 0 R 5 is selected from the group 

consisting of: 

(a) hydrogen, 

(b) lower alkyl, lower alkenyl, 
lower alkynyl, alkaryl; 

25 (c) -AN(OM)C(0)N(R 3 )R 4 , 

-AN (R 3 ) C (O) N (OM) R 4 , 
-AN(OM)C(0)R 4 , 
-AC(0)N(OM)R 4 , 
-AC (O) N (OM) R 4 , -AS (O) n R 3 , 

30 -AS(0) n -CH 2 C(0)R 3 , 

-AS ( O ) n -CH 2 CH ( OH) R 3 , 
-AC(0)NHR 3 , 
wherein each n is independently 0, 1 or 
2; A is selected from the group 

3 5 consisting of substituted or 

unsubstituted lower alkyl, lower alkoxy, 
lower alkenyl, lower alkynyl, alkaryl or 
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aralkyl; M is selected from hydrogen , a 
pharmaceutical ly acceptable cation, or a 
metabolically cleavable leaving group. 
Preferred compounds of Formula I have the following 
5 structure : 




wherein A, R 3 , and R 4 are all 
10 independently selected from the groups as defined 
above, X is N or OOCH 3 and n is as defined above, 
and pharmaceutically acceptable salts thereof. 

More preferred compounds of Formula I 



have the following structure: 




OH 



wherein R 3 and R 4 are independently selected from 
the groups defined above, preferably R 3 and R 4 are 
independently selected from the preferred groups 
2 0 defined^ above; X is N or C-OCH 3 and m is 2-10, and 
pharmaceutically acceptable salts thereof. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A. Description and Properties of the 
Preferred Compounds 

The term alkyl, as used herein, unless 

5 otherwise specified, refers to a saturated 

straight, branched, or cyclic hydrocarbon of C x to 

C 10 , and specifically includes methyl, ethyl, 

propyl, isopropyl, butyl, isobutyl, t-butyl, 

pentyl, cyclopentyl, isopentyl, neopentyl, hexyl, 

10 isohexyl, cyclohexyl, 3-methylpentyl, 

2 , 2-dimethylbutyl, and 2 , 3-dimethylbutyl . 

The term lower alkyl, as used herein, and 
unless otherwise specified, refers to a C x to C 6 
saturated straight, branched, or cyclic (in the 

15 case of C 5 . 6 ) hydrocarbon, and specifically includes 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
t-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, 
hexyl , isohexyl , cyclohexyl , 3-methylpentyl , 2,2- 
dimethylbutyl , and 2 , 3-dimethylbutyl . 

2 0 The term alkenyl, as referred to herein, 

and unless otherwise specified, refers to a 
straight, branched, or cyclic (in the case of C 5 ^) 
hydrocarbon of C 2 to C 10 with at least one double 
bond. 

25 The term lower alkenyl, as referred to 

herein, and unless otherwise specified, refers to 
an alkenyl group of C 2 to C 6 , and specifically 
includes vinyl and allyl. 

The term lower alkylamino refers to an 

3 0 amino group that has one or two lower alkyl 

substituents . 

The term alkynyl, as referred to herein, 
and unless otherwise specified, refers to a C 2 to C x 
straight or branched hydrocarbon with at least one 
3 5 triple bond. 
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The term lower alkynyl, as referred to 
herein, and unless otherwise specified, refers to a 
C 2 to C 6 alkynyl group, specifically including 
acetylenyl and propynyl . 
5 The term aryl, as used herein, and unless 

otherwise specified, refers to phenyl or 
substituted phenyl, wherein the substituent is halo 
or 1 ower a Iky 1 . 

The term halo, as used herein, includes 
10 fluoro, chloro, bromo, and iodo. 

The term halo (alkyl, alkenyl, or 
alkynyl) refers to a (alkyl, alkenyl, or alkynyl) 
group in which at least one of the hydrogens in the 
group has been replaced with a halogen atom. 
15 The term heterocycle or heteroaromatic, 

as used herein, refers to an aromatic moiety that 
includes at least one sulfur, oxygen, or nitrogen 
in the aromatic ring. Non-limiting examples are 
pyrryl, furyl, pyridyl, 1, 2 , 4-thiadiazolyl, 

2 0 pyrimidyl, thienyl, isothiazolyl, imidazolyl, 

tetrazolyl, pyrazinyl, pyrimidyl, quinolyl, 
isoquinolyl , benzothienyl , isobenzof uryl , 
pyrazolyl, indolyl, purinyl, carbazolyl, 
benz imidazolyl, and isoxazolyl. 
25 The term ar alkyl refers to an aryl group 

with an alkyl substituent. 

The term alkaryl refers to an alkyl group 
that has an aryl substituent. 

The term substituted (e.g., substituted 

3 0 alkyl) refers to one or more substituent groups 

selected from the following: halogen, hydroxy, 
amino, C^-Cs alkylamino, C 2 -C 15 dialkylamino, 
carbamoyl, C x -C 6 N-alkylcarbamoyl , C 2 -C 15 
N,N-dialkylcarbamoyl, cyano, nitro, C 2 -C 15 
3 5 dialkylsulf amoyl , CF 3 , C^-Cg acyl, C^-Cg alkoxy, 

carboxy, C 2 -C 6 carboxylic acid, carboxamido, allyl, 
thio, Ci-Cg alkylthio, Cj-Cg alkylsulf onyl , C^-Cg 
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haloalkylsulf onyl , C^-Cg alkylsulf inyl , Cj-Cg 
haloalkylsulf inyl, arylthio, C 2 -C 6 . haloalkoxy, and 
the like. 

The term organic or inorganic anion 
5 refers to an organic or inorganic moiety that 

carries a negative charge and can be used as the 
negative portion of a salt. 
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The term "pharmaceutical ly acceptable 
cation" refers to an organic or inorganic moiety 
that carries a positive charge and that can be 
administered in association with a pharmaceutical 
5 agent, for example, as a countercation in a salt. 
Pharmaceutically acceptable cations are known to 
those of skill in the art, and include but are not 
limited to sodium, potassium, and quaternary amine. 

The term "metabolically cleavable leaving 
10 group" refers to a moiety that can be cleaved in 

vivo from the molecule to which it is attached, and 
includes but is not limited to an organic or 
inorganic anion, a pharmaceutically acceptable 
cation, acyl (for example (alkyl)C(O), including 
15 acetyl, propionyl, and butyryl) , alkyl, phosphate, 
sulfate and sulfonate. 

The term pharmaceutically acceptable 
salts or complexes refers to salts or complexes 
that retain the desired biological activity of the 

2 0 above-identified compounds and exhibit minimal 

undesired toxicological effects. 

The term PAF receptor antagonist refers 
to a compound that binds to a PAF receptor with a 
binding constant of 30 jtiM or lower. 
25 The term 5- lipoxygenase inhibitor refers 

to a compound that inhibits the enzyme at 30 /*M or 
lower in a broken call system. 

The term pharmaceutically active 
derivative refers to any compound that upon 

3 0 administration to the recipient, is capable of 

providing directly or indirectly, the compounds 
disclosed herein. 

Preferred 2,5-diaryl 
tetrahydrothiophenes, and tetrahydrof urans and 
3 5 1,3 -diary 1 cyclopentanes of the present invention 
exhibit PAF receptor antagonist activity with an 
IC 50 of from about 1 nM to about 1 /xM, and/ or they 
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inhibit the enzyme 5-lipoxygenase with an IC 50 of 
from about 50 nM to about 10 fiM, or they have dual 
activity, and are thus useful in the treatment of 
mammals, including humans, who have immune, 
5 allergic or cardiovascular disorders that are 
mediated by PAF or products of 5-lipoxygenase. 

B . Stereochemistry 

The 2,5-diaryl tetrahydrof urans , 
tetrahydrothiophenes , and 1 , 3 -cyclopentanes 
disclosed herein exhibit a number of stereochemical 
configurations. Carbon atoms 2 and 5 in the center 
ring are chiral, and thus the center ring exists at 
a minimum as a diastereomeric pair. Each 
diastereomer exists as a set of enantiomers. 
Therefore, based on the chiral C 2 and C 5 atoms 
alone, the compound is a mixture of four 
enantiomers. The present invention is thus 
directed to each of the separated enantiomers, as 
well as to all of the possible mixtures thereof. 

If nonhydrogen substituents are located 
on carbon atoms 3 and 4 in the center ring, then 
the C 3 and C 4 atoms are also chiral, and can also 
exist as a diastereomeric pair, that is also a 
mixture of four enantiomers. 

The R groups in the active compounds 
described herein can likewise include chiral 
carbons, and thus, optically active centers. 

C. Pharmaceutical Compositions 

Humans, equine, canine, bovine and other 
animals, and in particular, mammals, suffering from 
inflammatory diseases, and in particular, disorders 
mediated by PAF or products of 5-lipoxygenase can 
be treated by administering to the patient an 
effective amount of one or more of the 
above-identified compounds or a pharmaceutically 
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acceptable derivative or salt thereof in a 
pharmaceutical ly acceptable carrier or diluent to 
reduce formation of oxygen radicals. The active 
materials can be administered by any appropriate 
route, for example, orally, parenterally , 
intravenously, intradermally , subcutaneous ly, or 
topically, in liquid, cream, gel or solid form. 

The active compound is generally included 
in the pharmaceutical ly acceptable carrier or 
diluent in an amount sufficient to deliver to a 
patient a therapeutically effective amount without 
causing serious toxic effects in the patient 
treated. A preferred dose of the active compound 
for all of the above-mentioned conditions is in the 
range from about 0.01 to 300 mg/kg, preferably 0.1 
to 100 mg/kg per day, more generally 0.5 to about 
2 5 mg per kilogram body weight of the recipient per 
day. A typical topical dosage will range from 
0.01 - 3% wt/wt in a suitable carrier. The 
effective dosage range of the pharmaceutically 
acceptable derivatives can be calculated based on 
the weight of the parent compound to be delivered. 
If the derivative exhibits activity in itself, the 
effective dosage can be estimated as above using 
the weight of the derivative, or by other means 
known to those skilled in the art. 

The compound is conveniently administered 
in any suitable unit dosage form, including but not 
limited to one containing 1 to 3 000 mg, preferably 
5 to 500 mg of active ingredient per unit dosage 
form. An oral dosage of 25-250 mg is usually 
convenient. 

The active ingredient should be 
administered to achieve peak plasma concentrations 
of the active compound of about 0.01 - 3 0 mM, 
preferably about 0.1-10 mM. This may be achieved, 
for example, by the intravenous injection of a 
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solution or formulation of the active ingredient, 
optionally in saline, or an aqueous medium or 
administered as a bolus of the active ingredient. 

The active compound or pharmaceutically 
acceptable derivatives or salts thereof can also be 
mixed with other active materials that do not 
impair the desired action, or with materials that 
supplement the desired action, such as antibiotics, 
antifungals, other anti-inf lammatories , or 
antiviral compounds . 

D. Biological Activity 

A wide variety of biological assays have 
been used to evaluate the ability of a compound to 
act as a PAF receptor antagonist, including the 
ability of the compound to bind to PAF receptors, 
and the effect of the compound on various PAF 
mediated pathways. Any of these known assays can 
be used to confirm the ability of the compounds 
disclosed herein to act as PAF receptor 
antagonists. 

For example, PAF is known to induce 
hemoconcentration and increased permeability of 
microcirculation leading to a decrease in plasma 
volume. PAF mediated acute circulatory collapse 
can be used as the basis of an assay to evaluate 
the ability of a compound to act as a PAF 
antagonist, by analyzing the effect of the compound 
on PAF induced decreased plasma volume in an animal 
model such as mouse. 

Endotoxemia causes the release of 
chemical mediators including eicosanoids, PAF, and 
tumor necrosis factor (TNF) that stimulate a 
variety of physiologic responses including fever, 
hypotension, leukocytosis, and disturbances in 
glucose and lipid metabolism. Endotoxemia can 
result in severe shock and death. 



Endotoxin-induced mouse mortality is a useful 
animal model to evaluate the pharmacological effect 
of compounds on endotoxic shock. 

A wide variety of biological assays have 
also been used to evaluate the ability of a 
compound to inhibit the enzyme 5-lipoxygenase. For 
example, a cytosol 5-lipoxygenase of rat basophilic 
leukemia cells (RBL) has been widely utilized in 
studies on leukotriene biosynthesis. Compounds 
that inhibit 5-lipoxygenase decrease the levels of 
leukotr ienes . 

Another biological assay used to evaluate 
the ability of a compound to inhibit the enzyme 
5-lipoxygenase is based on the classic 
pharmacological model of inflammation induced by 
the topical application of arachidonic acid to the 
mouse ear. On application, arachidonic acid is 
converted by 5-lipoxygenass to various leukotrienes 
(and other mediators) , which induce changes in 
blood flow, erythema, and increase vasodilation and 
vasopermeability . The resulting edema is measured 
by comparing the thickness of the treated ear to a 
control ear. Agents that inhibit 5-lipoxygenase 
reduce the edematous response, by lowering the 
amounts of biochemical mediators formed from 
arachidonic acid. 

E. Syntheses of the Preferred Compounds 

The 2,5-diaryl tetrahydrof urans and 
tetrahydrothiophenes disclosed herein can be 
prepared in a variety of ways known to those 
skilled in the art, including by methods disclosed 
by Biftu, et al . in U.S. Patent Nos. 4,539,332, 
4,757,084, 4,996,203 and 5,001,123, and European 
Patent Application Nos. 90306234.7, 90306235.4, and 
89202593 . 3 . 
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1,3 -Diary 1 cyclopentanes can be prepared 
using the procedure of Graham, et al . (1.3-Diaryl 
Cyclopentanes: A New Class of Potent PAF 5 Receptor 
Antagonists. 197 th ACS National Meeting, Dallas, 
5 Texas, April 9-14, 1989, Division of Medicinal 

Chemistry, poster no. 2 5 (abstract) ) , or by other 
known methods. 

A general procedure for preparing a 
hydroxyurea is: 
10 R-NH 2 triphoscrene- * R-N = C = 0 

R'-NH-OH- > 

OH 

/ 

R'-N-C-NH-R 
II 
O 

15 wherein R is a 2,5-diaryl tetrahydrothiophene or 
tetrahydrofuran; 1,3 -diary 1 cyclopentane with or 
without a linking moiety, and R' is a moiety as 
defined in detail above. 

General procedures for preparing reverse 
2 0 hydroxyureas are : 

1. R-N0 2 Zn/H 2 -+ R-NHOH R'-NCO- + 
or Rh/C, N 2 H 4 
OH 

R-N-C-NH-R' 

\\ 

25 O 



2. R-C-CH 3 NH 2 0H-> R-C-CH3 BH 3 . PV 

O NOH 

R-CH-CH3 R'-NCO- * OH 

ilHOH H 3 C- tH-^-C-NH-R ' 

30 R O 
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A general procedure for preparing a hydroxamic acid 
is: 

R-€0 2 H oxalvl chloride-* R-COC| 

R ' -NH ( OH ) - * 
5 OH 

R'-N-C-R 
O 

A general procedure for preparing a reverse 
hydroxamic acid is: 
10 R-NHOH R'-COCl/TEA- - 

0-C(0)-R' 
R-N-CJ-R LiOH- » 
O 

OH 
/ 

15 R-N-C-R 

/ 

The following schemes (1-10) illustrate 
the preferred synthetic methods utilized herein. 
The examples which follow these schemes are 
20 reflective thereof. These examples are merely 
illustrative, and are not intended to limit the 
scope of the present invention. 
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Scheme 1 
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HjCO 
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OCH3 

H 3 CO. 
H 3 CO 



203 



OCH 3 



|Q)C>K , KjCO, 
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.SOjCH, 

L 0 ^OSOjCH 3 

OCH 3 6CH 3 
204 



H\NOH HQ 
Na,CO,. EtOH 
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OCH, 205 OCH 3 ° 
H 2 NNH 2 , EtOH 
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H 3 CO^^ NVl / 0 3w s ^S0 2 CH 3 



OCH 3 206 °CH 3 
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OCHj 2()7 OCH 3 
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OCH 3 OCH 3 
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5 R-CHj 
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Scheme 2 



* C °fS W S02CH3 NaBH 4 . THF-CH 3OH „ jC0 ^r ^SO^H, 

H3C0V « 2*100. HlCO U Mo- 

3 208 OCH ' 209 ° CH * Pn 

CF3COOH. CHCI, H 3 C0 -j^^ ^ 0 >WV S02CHs I) LiNfSi<CH 3 ) 3 ) 2 , THF, -78oC. 20ini n 

iTOITTOE: HjCO^ S>o'^ 2) ICH,CH„ THF. -78»C. 2.5h. 85.7% " 

40.7% OCH, OCHjPh 

H,CO^^( 0 X i88 ^S0 2 CH 2 CH 2 CH3 10%Pd-C, H : H,CO^ sV ,<^L^S0 2 CH 2 CH 2 CH 1 

HjCO-S^ S>0-^- EtoAc, r.L l.5h H^cM kJ- 0 "^ 

°CH, 2n OCH,Ph 108% OCH, OH 

n /\NHCOCCH 2 Ph • / — V 

Br ^ H 3 c O,^^^ o > > ^ v so 2 CH 2 CH 2 CH, lO*Pd-C. H 2 . EtOAc 

K,CO,. DMF. 40 U C H3CO-M \^0^^ rx 2h. 90% ~ 

20h. 82.1% OCH, C> ^ 

2 »3 ^NHCOOCH 2 Ph 

H^O^^^/^X^^so^HaCHjCH, 1 ) triphosgene. Et,N. CH 2 Cl a . reflux 2h 
S^O'^' 2) RNHOH. CH 2 C1,. r.L 16h 

214 NH 2 

HaCO^w^C X^v^SOjCHjCHjCH, 

H,C 0 V Vo-V 
OCH, ^ 

^-^NHCON(OH)R 

7 R=CHC=CH 10 R=-CH(CH 3 )CH,CH 3 

CH, H R-H 

J 12 R-CHj 

8 R=CH,C=CH 13 R=-CH\CH 3 

9 ' R*CH=CH, 14 Ra-CH(CH 3 ), 

H rH 15 R»-(CHj) 3 CH 3 

UHj 16 R—CH;-(2-ihiophenc) 

Br ^.NH 2 HBr NaOH. ClCOQCH;Ph Br ^ NHC00cvll 



0°C 2h. rx 2h. 84% 
215 216 
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Scheme 3 



H3CO $CH, K 2 CO,DMF.40'C 
212 16h.72.5% 



H 3 CO_^^.- C A^vSOaCHjCHjCH, 1 O'SPd-C. H 2 . EtOAe 



HjCC^K ^V fc O'^^ rx 2.5h. 85.4% 

OCH3 1J7 Ov^v^ N HCOOCH 2 Ph 

HjCO^^^^^X^^so^HjCHjCHj 1) triphosgene, Ei,N, CH 2 Cl , t rertux 2h 



2) RNHOH. CH 2 C1 2 . r.t I6h 

218 



H3C0 7*^il >! " ° ^>s* ! N' S02CH 2 CH * CH 3 



OCH, o 



v^N^NHCON(OH)R 



17 R»CH 3 

18 R-CH 2 CH,CH,CH 3 

19 R-£HCSCH " 

CH, 



Br ^ MH ,M^WOH.aCObcH l Ph B MHCOOC^Ph 
rx4h.90.2tt V 
~ ly 220 
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Scheme 4 
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OCH 3 08 n 
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I6h. 90.6% 
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H 3 CO 
H3CO 



OCH3 O^^Sy^.... 
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NH 2 
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H 3 CO N 
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OCH 3 

20 
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22 
23 



NHCON(OH)R 



R»CHj 
_R=CH,CH, 
R=CH,CH,CH,CH 3 
R=CH 2 C 5 CH 



OCHj 
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OH 
BrV^Br 
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H,C °^) ** '^o^^ SOlCH3 



OCH, O 
224 



Br 



H : NOH HCI. Na 2 CO, 
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225 °^V- NHOH 

IRN-OO. CH : C1, 
R.i. 
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OCH, 

25 R-H 



O 



N(OH)CONHR 



24 R=CH,^Q 
CI CI 



Br 
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-CO 
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Scheme 5 
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OCH 3 CH 
221 
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Scheme 7 
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Scheme 8 
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Scheme 9 
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Scheme 10 
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Example 1: 

3- <N,N-Dimethylamino) -1- (3,4,5-trimethoxyphenyl) -1- 
propanone (compound 101) 

3 , 4 , 5 -Trimethoxyacetophenone (50 g , 237.8 

5 mmole) , paraformaldehyde (9.75 g, 304.7 mmole) , 

dimethylamine hydrochloride (26.42 g, 324.0 mmole) 

and 5 mL cone. HC1 were dissolved in 2 00 mL 

absolute ethanol and refluxed for 10 hours. 

Additional dimethylamine hydrochloride (13.21 g, 

10 162.0 mmole) and paraformaldehyde (9.75 g, 304.7 
mmole) were added and the solution returned to 
reflux. After 54 hours (total reaction time) , 80 
mL of 10% HC1 and 500 mL of water were added and 
the solution was extracted with ethyl ether. The 

15 acidic aqueous layer was adjusted to pH 10 with 10% 
NaOH. The basic solution was extracted with ethyl 
acetate, dried over MgS0 4/ filtered and evaporated 
in vacuo to provide 57.5 g of a yellow oil (92%). 
X H NMR (CDC1 3 ) : S 2.30 (s, 6H) ; 2,74 (t, 2H) ; 3.11 

20 (t, 3H) ; 3.91 (s, 9H) ; 7.23 (s, 1H) ; 7.32 (s, 1H) . 

3- (N, N, N-Tr imethylamino ) -1- ( 3 , 4 , 5-trimethoxyphenyl ) 
-1-propanone iodide (compound 102) 

3- (N,N-Dimethylamino) -1- (3 , 4 , 5-tri- 
methoxyphenyl) -1-propanone (57 g, 213.5 mmole) was 

2 5 dissolved in 2 00 mL of anhydrous diethyl ether. To 

this solution was added methyl iodide (57.6 g, 
405.7 mmole). A white precipitate formed 
immediately, and the reaction mixture was stirred 
at room temperature for an additional 2 hours. 

3 0 This product was isolated by suction filtration 

(83.8 g, 96%) . 

3,4,5-Trimethoxyphenylvinylketone (compound 103) 

3- (N , N, N-Tr imethylamino) -1- ( 3 , 4 , 5- 
trimethoxyphenyl) -1-propanone iodide (50 g, 120 
35 mmole) was dissolved in H 2 0 (500 mL) and ethyl 
acetate (500 mL) was added. The mixture was 
vigorously stirred at reflux for 3 hours. The 
reaction mixture was cooled and the layers were 
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separated. To the aqueous phase was added ethyl 

acetate (400 mL) . This was brought to reflux for 

1.5 hours. The reaction mixture was cooled and 

separated. The combined organic layers were washed 

5 with saturated NaCl solution, dried over Na 2 S0 4 , 

filtered and concentrated in vacuo to an oil which 

was purified by flash column chromatography using 

3:1 hexane/ethyl acetate as solvent (14.7 g, 54%). 

*H NMR (CDC1 3 ) S 3.92 (s, 9H) ; 5.92 (d, 1H) ; 6.44 

10 (d, 1 H) ; 7.12 (m, 1H) ; 7.22 (s, 2H). 

3-Methoxy-4-hydoxyethoxy-6-iodobenzaldehyde 
(compound 104) 

5-Iodovanillin (25 g, 90 mmol) in DMF 

(100 mL) was added to potassium carbonate (18.6 g, 

15 13 5 mmol) . The mixture was heated at 4 0 °C for 16 

hours. The reaction mixture was allowed to. cool to 

room temperature and quenched with water (500 mL) 

and extracted with ethyl acetate. The organic 

layer was washed with water and saturated NaCl 

2 0 solution, and dried over MgS0 4/ filtered and 

evaporated in vacuo to an oil, and then purified by 
column chromatography (silica, 2:1 hexane/ethyl 
acetate), to provide the product (16.6 g,, 57%). *H 
NMR (CDCI3) 6 2.70 (t, 1 H) ; 3.92 (t, 2H) ; 3.92 (s, 
25 3H) ; 3.94 (s, 3H) ; 4.29 (t, 2H) ; 7.44 (s, 1 H) ; 
7.87 (s, 1 H) ; 9.85 (9, 1 H) . 

I - ( 3 -Me thoxy — 4 -hy dr oxy e thoxy- 5 - iodopheny 1 ) -4- 

(3, 4, 5-trimethoxyphenyl) -1, 4-butanedione (compound 

105) 

3 0 3,4, 5-Tr imethoxyphenylvinylketone (4.8 g , 

21.6 mmol), 3-methoxy-4-hydroxyethoxy-5- 
iodobenzaldehyde (5.7 g, 17.8 mmol), and 
3 - ben z y 1 - 5 - ( 2 -hy dr oxy e thy 1 ) - 4 -me thy 1 1 h i a z o 1 ium 
chloride (1.9 g, 7.0 mmol) were stirred in 
35 triethylamine (2 0 mL) at 60 °C for 16 hours. The 
reaction mixture was then acidified with 10% HC1, 
and extracted with dichloromethane. The organic 
layer was dried over MgS0 4 , filtered and evaporated 
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in vacuo. The product was purified in column 
chromatography (silica, 1:1 hexane/ethyl acetate) 
as a solid (9.7 g, 51 %) . l H NMR (CDC1 3 ) S 3.41 (m, 
4H) ; 3.90 (m, 2H) ; 3.92 (s, 3H) ; 3.93 (s, 9H) ; 4.26 
5 (t, 2H) ; 7.29 (s, 2H) ; 7.57 (d, 1 H) ; 8.08 (d, I 
H) . 

1- (3-Methoxy-4-hydroxyethoxy-5-iodophenyl) -4- 

(3 , 4 , 5-trimethoxyphenyl) -1, 4-butanediol (compound 

106) 

10 1- (3-Methoxy-4-hydroxyethoxy-5-iodophenyl) - 

4- (3 , 4 , 5-trimethoxyphenyl) -1, 4-butanedione (11 . 6 g, 
21.3 mmol), was added to 12 0 mL tetrahydrof uran and 
24 0 mL methanol. To this solution was added 
dropwise sodium borohydride (1.45 g, 38.4 mmol), in 

15 60 mL water. The reaction mixture was stirred at 
room temperature for 2.5 hours, and then cooled, 
quenched with water, and the aqueous layer 
extracted with ethyl acetate. The organic layer 
was dried over MgS0 4 , filtered and evaporated in 

2 0 vacuo to provide the product (11.8 g, 98.8%). *H 

NMR (CDC1 3 ) <S 1.84 (m, 4H) ; 3.84 (m, 2H) ; 3.86 (s, 
3H) ; (s, 9H) ; 4.15 (t, 2H) ; 4.68 (m, 2H) ; 6.57 (s, 
2H) ; 6.91 (9, 1H) ; 7.32 (s, 1 H) . 

Trans-2- (3-Methoxy-4-hydroxyethoxy-5-iodophenyl) -5- 
25 (3,4, 5-trimethoxyphenyl ) tetrahydrof uran ( compound 
107) 

To 1- (3-methoxy-4-hydroxyethoxy-5- 
iodophenyl) -4- (3 , 4 , 5 — 

trimethoxyphenyl) -1, 4-butanediol (11.8 g, 21.5 
30 mmol) in chloroform (100 mL) at 0°C was added 

dropwise trif luoroacetic acid (9.82 g, 86.1 mmol) 
in chloroform (100 mL) over 3 0 minutes. The 
solution was stirred at 0°C for 2 hours and then at 
room temperature for 1 hour. The reaction mixture 

3 5 was quenched with IN NaOH and chloroform (100 mL) 

was added. The organic layer was washed with IN 
NaOH solution, water and saturated NaCl solution, 
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and then dried over MgS0 4 , filtered and evaporated 
in vacuo to an oil which was a cis and trans 
mixture. The trans isomer was isolated by column 
chromatography (silica, 1:1 hexane/ethyl acetate) 
5 (4.7 g, 41.4%) as the faster eluting isomer. *H NMR 
(CDC1 3 ) S 1.99 (m, 2H) ; 2.47 (m, 2H) ; 3.83 (t, 2H) ; 
3.84 (s, 3H) ; 3.87 (s, 3H) ; 3.89 (s, 6H) ; 4.16 (t, 
2H) ; 5.18 (m, 2H) ; 6.62 (s, 2H) ; 6.96 (d, 1H) ; 7.39 
(a, 1H) . 

10 Trans-2- ( 3 -Methoxy-4 -methylsulf oxy ethoxy- 5- 
iodophenyl) -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrofuran (compound 108) . 

To the solution of trans-2- (3-methoxy-4- 

hydroxyethoxy-5-iodophenyl) -5- (3 , 4 , 5-tri- 

15 methoxyphenyl) tetrahydrofuran (4.7 g, 8.87 mmol) in 

dichloromethane (50 mL) at 0°C was added 

methylsulf onyl chloride (3.05 g, 2 6.6 mmole) and 

triethylamine (2.69 g, 26.60 mmol). The reaction 

mixture was stirred at O o c for 2 hours and room 

2 0 temperature overnight. The solvent was evaporated 

in vacuo and the residue purified by column 

chromatography (silica, 1:1 hexane/ethyl acetate) 

(4.17 g, 77.3%). *H NMR (CDC1 3 ) S 1.98 (m, 2H) ; 

2.45 (m, 2H) ; 3.15 (s, 3H) ; 3.84 (s, 3H) ; 3.88 (s, 

25 9H) ; 4.26 (t. 2H) ; 4.61 (t, 2H) ; 5.1 7 (m, 2H) ; 

6.62 (s, 2H) ; 6.96 (d, 1H) ; 7.38 (d, 1H) . 

Preparation of trans —2 — [4— (2— (N' — hydroxy —N ' — 
substituted ureidyl) ethoxy) 3-methoxy-5- 
methylsulf onylphenyl] -5- (3, 4, 5-trimethoxyphenyl) - 

3 0 tetrohydrofuran (compounds 1-3 , scheme 1) 

Trans-2- [4- (2 -hydroxy ethoxy) -3 -methoxy-5 -methyl thio 
phenyl) -5- (3, 4 , 5-trimethoxyphenyl) tetrahydrofuran 
(compound 2 02, scheme 1) 

To a solution of trans-2- (4- (2-hydroxy 

3 5 ethoxy) -3-methoxy-5-iodophenyl] -5- (3 , 4,5- 

trimethoxyphenyl) tetrahydrofuran (201) (6.78 g, 

12.79 mmol) in 8 0 mL of DMF was added copper powder 

(6.91 g, 108.74 mmol) and dimethyldisulf ide (2.3 

mL, 25.58 mmol). The reaction was heated at 140°C 
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for 2 0 hours. The mixture was then cooled, 

filtered and washed with ethyl acetate. Water was 

added to the filtrate and the mixture was extracted 

with ethyl acetate. The organic layer was washed 

5 three times with water, dried over magnesium 

sulfate, filtered and evaporated in vacuo to an oil 

which was purified by flash column chromatography 

(silica gel, 1:1 hexane/ethyl acetate) (5.2 g, 

90.3%). *H NMR (CDC1 3 ) S 1.99 (m, 2H) ; 2.46 (s, 

10 3H) ; 2.47 (m, 2H; 3.79 (m, 2H) ; 3.83 (s, 3H) ; 3.84 

(s, 3H) ; 3.88 (s, 6H) ; 4.20 (t, 2H) ; 5.20 (m, 2H) ; 

6.61 (s, 2H) ; 6.82 (s, 2H) . 

Trans-2- [4- (2-hydroxyethoxy) -3-methoxy-5- 
methylsulf onylphenyl] -5 (3,4, 5-trimethoxyphenyl) 
15 tetrahydrof uran (compound 2 03, scheme 1) 

A suspension of magnesium 

monoperoxyphthalic acid (10.4 g, 2 0.95 mmol) in 3 0 

mL of water was added to 202 (5.03 g, 11.18 mmol) 

in 8 0 mL of acetonitrile . The reaction mixture was 

2 0 stirred at room temperature for 3 hours and then 

water was added and the mixture was extracted with 
ethyl acetate. The organic layer was washed with 
10% sodium carbonate solution, water and saturated 
sodium chloride solution, dried over magnesium 

25 sulfate and evaporated to provide the product (5 g, 

92.8%). *H NMR (CDCl 3 ) S 2.00 (m, 2H) ; (m, 2H) ; 

3.26 (s, 2H) ; 3.84 (s, 3H) ; 3.87 (m, 2H) ; 3.88 (s, 

6H) , (s, 3H) ; 4.44 (m, 2H) ; 5.22 (m, 2H) ; 6.61 (s, 

2H) ; 7.31 (d, 1 H) ; 7.53 (d, 1H) . 

30 Trans-2-[4- (2-methylsulf oxyethoxy) - 3 -me thoxy- 6 - 

methylsulf onyl-phenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrof uran (compound 2 04, scheme 1) 

To a solution of 203 (5 g, 10.37 mmol) in 

3 0 mL dichloromethane at 0°C was added 

35 methanesulf onyl chloride (1.78 g, 15.56 mmol) and 

triethylamine (2.36 g, 23.34 mmol). The reaction 

mixture was stirred at room temperature for 3 

hours. The solvent was evaporated in vacuo and the 

residue purified by flash column chromatography 
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(silica, 1:1 hexane/ethyl acetate) (4.82 g, 83.0%). 

X H NMR (CDC1 3 ) S 1.99 (m, 2H) ; 2.48 (m, 2H) ; 3.12 

(s, 3H) ; 3.26 (s, 3H) ; 3.83 (s, 3H) ; 3.88 (s, 6H) ; 

3.92 (s. 3H) ; 4.42 (t, 2H) ; 4.61 (t, 2H) ; 5.22 (m, 

5 2H) ; 6.60 (t, 2H) ; 7.31 (d, 1 H) ; 7.51 (d, 1H) . 

Trans -2 - [ 4 - ( 2 -phthal imidy lethoxy ) -3 -methoxy-5 - 
methy lsulf ony lpheny 1 ] -5- ( 3 , 4 , 5-tr imethoxyphenyl ) 
tetrahydrof uran (compound 2 05, scheme 1) 

To a solution of 204 (500 mg , 0.89 mmol) 

10 in 25 mL ethanol was added potassium carbonate 

(122.3 mg, 0.88 mmol) and phthalimide potassium 

salt (248 mg, 1.34 mmol). The reaction mixture was 

refluxed for 16 hours. The reaction was quenched 

with water and extracted with ethyl acetate. The 

15 organic layer was washed with water and saturated 

sodium chloride solution, dried over magnesium 

sulfate, filtered and evaporated to an oil which 

was purified by flash column chromatography 

(silica, 1:1 hexane/ethyl acetate) (410 mg, 75.2%). 

20 X H NMR (CDCI3) 6 1.99 (m, 2H) ; 2.46 (m, 2H) ; 

3.28 (s. 3H) ; (s, 3H) ; 3.88 (s, 6H) ; 3.91 (s, 3H) ; 

4.15 (t, 2H) ; 4.32 (t, 2H) ; (m, 2H) ; 6.61 (s, 2H) ; 

7.20 (d, 1 H) ; 7.51 (d, 1 H) ; 7.73 (m, 2H) ; 7.87 

(m, 2H) . 

25 Trans-2-[4- (2-aminoethoxy) -3-methoxy-5- 

methylsulf onylphenyl) -5- (3, 4, 5-tr imethoxyphenyl) 
tetrahydrof uran (compound 2 06, scheme 1) 

To a solution of 205 (100 mg, 0.1 6 mmol) 

in 5 mL ethanol was added hydrazine monohydrate 

30 (52.5 mg, 1.64 mmol). The reaction mixture was 

refluxed for 20 hours. The reaction was quenched 
with water and extracted with ethyl acetate. The 
organic layer was washed with water and saturated 
sodium chloride solution, dried over magnesium 

35 sulfate, filtered and evaporated to provide 

product. 1 H NMR (CDC1 3 ) S 1.99 (m, 2H) ; 2.49 (m, 
2H) ; 3.12 (m, 2H) ; 3.26 (3, 3H) ; 3.83 (s, 3H) ; 3.88 
(s, 6H) ; 3.92 (s, 3H) ; 4.24 (t, 2H) ; 5.21 (m, 2H) ; 
6.61 (s, 2H) ; 7.29 (d, 1H) ; 7.51 (d, 1H) . 
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Trans-2-[4- (2- (N'-methyl-N'-hydroxyureidyl) ethoxy) - 
3-methoxy-5-methylsulf onylphenyl] -5- (3, 4 , 5- 
trimethoxyphenyl) tetrohydrof uran (compound 1, 
scheme 1) 

5 To a solution of 206 (20 mg, 0.042 mmol) 

in 3 mL dichloromethane was added triphosgene (4.1 
mg, 0.014 mmol) and triethylamine (4.2 mg, 0.042 
mmol) . The reaction mixture was ref luxed for 2 
hours and then cooled with an ice both. To this 

10 cold solution was added triethylamine (18.9 mg, 
0.187 mmol) and methylhydroxyamine hydrochloride 
(10.4 mg, 0. 1 25 mmol). The reaction mixture was 
stirred at room temperature overnight, and solvent 
was evaporated in vacuo. The product was isolated 

15 by flash column chromatography (silica, ethyl 

acetate) (1 7 mg, 73.9%). J H NMR (CDC1 3 ) S 2.00 (m, 
2H) ; 2.49 (m, 2H) ; 3.17 (s, 3H) ; 3.24 (2, 3H) ; 
3.64, m, 2H) ; 3.85 (s, 3H) ; 3.89 (s, 6H) ; 3.94 (s, 
3H) ; 4.38 (t, 2H) ; 5.22 (m, 2H) ; 6.49 (s, I H) ; 

20 6.62 (s, 2H) ; 6.85 (t, 1H) ; 7.29 (d. 1H) ; 7.52 (d, 
1H) . 

Trans -2 - [ 4 - ( 2 - (N' -butyl -N' -hydroxyureidyl) 
ethoxy) -3-methoxy-5-methylsulf onylphenyl] -5- 
(3 , 4 , 5-trimethoxyphenyl) tetrahydrof uran 

2 5 (compound 2, scheme 1) 

To a solution of 206 (36 mg, 0.075 mmol) 
in 3 mL dichloromethane was added triphosgene (7.3 
mg, 0.02 5 mmol) and triethylamine (7.6 mg, 0.075 
mmol) . The reaction mixture was ref luxed for 2 

3 0 hours and then cooled with ice both. To this cold 

solution was added triethylamine (34.1 mg, 0.34 
mmol) and butylhydroxyamine hydrochloride (28.1 mg, 
0.22 mmol). The reaction mixture was stirred at 
room temperature overnight, and the solvent was 
35 evaporated in vacuo. The product was isolated by 

flash column chromatography (silica, ethyl acetate) 
(17 mg, 73.9%). 1 H NMR (CDC1 3 ) 6 0.94 (t, 3H) ,* 1.34 
(m, 2H) ; 1.59 (m, 2H) ; 2.00 (m, 2H) ; 2.49 (m, 2H) ; 
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3.24 (s, 3H) ; 3.51 (t, 2H) ; 3.65 (m, 2H) ; 3.84 (s, 
3H) ; 3.89 (s, 6H) ; 3.93 (s, 3H) ; 4.38 (t, 2H) ; 5.22 
(m, 2H) ; 6.62 (s, 2H) ; 6.82 (t, 1H) ; 7.29 (d, 1H) ; 
7.51 (d, 1H) . 

5 Trans-2- [ 4- (2- (N ' -butyl-N' -cyclohexanyl-N' -hydroxy) 
ureidylethoxy ) -3-methoxy-5-methylsulf onylphenyl] -5- 
(3 , 4 , 5-trimethoxyphenyl) tetrahydrof uran 
(compound 3, scheme 1) 

To a solution of 206 (36 mg, 0.075 mmol) 

10 in 3 mL dichloromethane was added triphosgene (7.3 

mg, 0.02 5 mmol) and triethylamine (7.6 mg, 0.075 

mmol) . The reaction mixture was refluxed for 2 

hours and then cooled with ice bath. To this cold 

solution was added triethylamine (34.1 mg, 0.34 

15 mmol) and cyclohexylhydroxyamine hydrochloride 

(34.0 mg, 0.22 mmol). The reaction mixture was 

stirred at room temperature overnight, and the 

solvent was evaporated In vacuo. The product was 

isolated by flash column chromatography (silica, 

20 ethyl acetate) (22 mg, 47.2%). 2 H NMR (CDC1 3 ) 5 1.1 

2- 1.96 (m, 10H) ; 2.82 (m, 1H) ; 2.00 (m, 2H) ; 2.50 
(m, 2H) ; 3.25 (s, 3H) ; 3.66 (m, 2H) ; 3.85 (s, 3H) ; 
3.89 (s, 6H) ; 3.94 (s, 3H) ; 4.38 (t, 2H) ; 5.23 (m, 
2H) ; 6.62 (s, 2H) ; 6.86 (t, 1H) ; 7.29 (d, 1H) ; 7.53 

25 (d, 1H) . 

Example 2: 

Preparation of trans-2- [4- (2- (N-hydroxy-N'- 
substituted ureidyl) ethoxy) - 

3 - me t boxy - 5 -me thy 1 su 1 f ony lpheny 1 ] - 

3 0 5- (3, 4, 5-trimethoxyphenyl) tetrahydrof uran 
(compounds 4-6. scheme 1) 

Trans-2- [4- (2-N-hydroxyaminoethoxy) -3-methoxy- 
5-methylsulf onyl-phenyl] -5- (3, 4 , 5-trimethoxyphenyl) 
tetrahydrof uran (compound 2 07, scheme 1) 

35 To a solution of 204 (930 mg, 1.66 mmol) 

in 10 mL ethanol was added sodium carbonate (396 

mg, 3.74 mmol) and hydroxy lamine hydrochloride 

(17 3.1 mg, 2.49 mmol). The reaction mixture was 

refluxed for 16 hours, cooled to room temperature, 
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quenched with water and extracted with ethyl 

acetate. The organic layer was washed with water 

and saturated sodium chloride solution, dried over 

magnesium sulfate, filtered and evaporated in vacuo 

5 to provide the named product (800 mg, 97.0%). *H 

NMR (CDC1 3 ) 6 2.00 (m, 2H) ; 2.49 (m, 2H) ; 3.26 (m, 

2H) ; 3.36 (m, 2H) ; 3.83 (s, 3H) ; 3.88 (s, 6H) ; 3.92 

(s, 3H) ; 4.40 (m, 2H) ; 5.21 (m, 2H) ; 6.61 (s, 2H) ; 

7.30 (d, 1 H) ; 7.51 (d, 1 H) . 

10 Trans-2 -[ 4- (2- (N-hydroxy-N' -hydrogen ureidyl) 

ethoxy) -3-methoxy-5-methylsulf onylphenyl] -5- (3,4,5- 
tr imethoxypheny 1 ) tetrahydrof uran ( compound 4 , 
scheme 1) 

To a solution of 207 (50 mg, 1.66 mmol) 
15 in 1 mL dichloromethane was added trimethylsilyl- 

isocyanate (11.6 mg, 0.101 mmol). The reaction was 
stirred at room temperature for 3 0 minutes. 
Saturated ammonium chloride solution was added to 
the reaction mixture and it was extracted with 
2 0 ethyl acetate. The organic layer was washed with 
saturated sodium chloride solution, dried over 
magnesium , sulfate, filtered and evaporated in 
vacuo to an oil which was purified by flash column 
chromatography (silica, ethyl acetate) (35 mg, 
25 64.9%). *H NMR (CDC1 3 ) S 2.02 (m, 2H) ; 2.51 

(m, 2H) ; 3.32 (s, 3H) ; 3.85 (s, 3H) ; 3.89 (s, 6H) ; 
3.95 (s, 3H) ; 3.98 (t, 2H) ; 4.38 (t, 2H) ; 5.22 (m, 
2H) ; 6.62 (s, 2H) ; 7.32 (d, 1H) ; 7.52 (d, 1H) ; 7.97 
(s, 1H) . 

30 Trans-2-[4- (2- (N-hydroxy-N' -methylureidyl) ethoxy) - 
3-methoxy-5-methylsulf onylphenyl] -5- (3,4,5- 
tr imethoxypheny 1) tetrahydrof uran (compound 5, 
scheme 1) 

To a solution of 207 (50 mg, 0.101 mmol) 
35 in 0.5 mL dichloromethane was added methyl 

isocyanate (5.7 mg, 0.101 mmol). The reaction 
mixture was stirred at room temperature for 3 0 
minutes. Saturated ammonium chloride solution was 
added and the mixture was extracted with ethyl 
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acetate. The organic layer was washed with 

saturated sodium chloride solution, dried over 

magnesium sulfate, filtered and evaporated in vacuo 

to an oil which was purified by flash column 

5 chromatography (silica, ethyl acetate) (42 mg, 

75.4%). l H NMR (CDC1 3 ) 51.99 (m, 2H) ; 2.48 (m, 2H) ; 

2.85 (d, 3H) ; 3.29 Is, 3H) ; 3.82 (s, 3H) ; 3.87 (s, 

6H) ; 3.91 (m, 2H) ; 3.92 (s, 3H) ; 4.35 (t, 2H) ; 5.20 

(m, 2H) ; 6.01 (t, 1 H) ; 6.60 (s, 2H) ; 7.29 (d, 1H) ; 

10 7.49 (d, 1H) ; 7.74 (s, 1H) . 

Trans-2 - [ 4 - ( 2 - ( N-hydroxy-N ' -propy lure idyl ) 

ethoxy ) -3-methoxy-5-methylsulf onylphenyl] -5- (3,4,5- 

tr imethoxypheny 1 ) tetrahydrof uran 

(compound 6, scheme 1) 

15 To a solution of 207 (40 mg, 0.080 mmol) 

in 0.5 mL dichloromethane was added propyl 
isocyanate (6.9 mg, 0.080 mmol). The reaction 
mixture was stirred at room temperature for 3 0 
minutes. Saturated ammonium chloride solution was 

2 0 added to the reaction and extracted with ethyl 
acetate. The organic layer was washed with 
saturated sodium chloride solution, dried over 
magnesium sulfate, filtered and evaporated in vacuo 
to an oil which was purified by flash column 

2 5 chromatography (silica, ethyl acetate) (36 mg, 
76.9%). 1 H NMR (CDC1 3 ) 6 0.94 (t, 3H) ; 1.55 (m, 
2H) ; 2.00 (m, 2H) ; 2.48 (m, 2H) ; 3.22 (m, 2H) ; 3.30 
(s, 3H) ; 3.83 (s, 3H) ; 3.87 (s, 6H) ; 3.92 (m, 2H) ; 
3.94 (s, 3H) ; 4.38 (t, 2H) ; 5.25 (m, 2H) ; 6.10 (t, 

30 1H) ; 6.60 (s, 2H) ; 7.30 (d, 1H) ; 7.51 (d, 1H) ; 7.77 
(s, 1H) . 
Example 3 

Preparation of trans-2 -[3- (2- (N'-hydroxy-N'- 
substituted ureidyl) ethoxy) -4-propoxy-5- 
35 propy lsulf onylphenyl] -5- (3 , 4 , 5- tr imethoxypheny 1) - 
tetrahydrof uran (compounds 7-16, scheme 2) 

1- (3-Benzyloxy-4-propoxy-5-methylsulf onylphenyl) - 
4- (3, 4 , 5-trimethoxyphenyl) -1, 4-butanediol 
(compound 2 09, scheme 2) 

40 2 08 (15 g, 26.3 mmol) was added to 100 mL 
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tetrahydrofuran and 200 inL methanol. To this 
solution was added dropwise sodium borohydride 
(1.79 g, 47.4 mmol) in 50 mL water. The reaction 
mixture was stirred at room temperature for 2.5 
5 hours, cooled, quenched with water, and the aqueous 
layer extracted with ethyl acetate. The organic 
layer was dried over magnesium sulfate, filtered 
and evaporated In vacuo to provide the named 
product (15.2, 100%). *H NMR (CDC1 3 ) S 0.98 (t, 
10 3H) ; 2.85 (m, 6H) ; 3.25 (s, 3H) ; 3.83 (s, 3H) ; 3.88 
(s, 6H) ; 4.15 (t, 2H) ; 4,72 (m, 2H) ; 5.23 (s, 2H) ; 
6.57 (s, 2H) ; 7.32 (d, 1H) ; 7.43 (m, 4H) ; 7.48 
(d, 1H) . 

Trans-2 - ( 3 -benzy loxy-4 -propoxy-5- 
15 methylsulf onylphenyl) -5- (3, 4, 5-trimethoxyphenyl) 
tetrahydrofuran (compound 210, scheme 2) 

To a solution of 2 09 (7 g, 12.2 mmol) in 

38 mL chloroform at 0°C was added dropwise 

trif luoroacetic acid (5.58 g, 48.9 mmol) in 38 mL 

2 0 chloroform over 2 0 minutes. The reaction mixture 
was stirred at 0°C for 2 hours and then at room 
temperature for 2 hours. The reaction mixture was 
then quenched with 1 0% NAOH solution, extracted 
with dichloromethane and the organic layer was 

25 washed with 1 0% sodium chloride solution, water 
and saturated sodium chloride solution, and then 
dried over magnesium sulfate, filtered and 
evaporated In vacuo to provide a cis and trans 
mixture. The trans isomer was isolated by flash 

30 column chromatography (silica, 2:1 hexane/ethyl 

acetate) (2.76 g, 40.7%). J H NMR (CDC1 3 ) S 1.00 (t, 
3H) ; 1.85 (m, 2H) ; 1.99 (m, 2H) ; 2.48 (m, 2H) ; 3.27 
(s, 3H) ; 3.83 (s, 3H) ; 3.88 (s, 6H) ; 4.1 6 (t, 2H) ; 
5.17 (s, 2H) ; 5.22 (m, 2H) ; 6.61 (s, 2H) ; 7.36 (d, 

35 1 H) ; 7.43 (m, 4H) ; 7.54 (d, 2H) . 
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Trans -2 - ( 3 -benzy loxy- 4 -pr opoxy- 5 - 

propylsulf onylphenyl) -5- (3 , 4 , 5-trimethoxyphenyl) 

tetrahydrof uran (compound 211, scheme 2) 

To a stirred solution of 210 (1 g, 1.80 

5 mmol) in 4 mL dry THF at -78°C was added dropwise 

lithium bis (trimethylsilyl) amide (4.17 mL, 4.17 

mmol) . After 2 0 minutes at this temperature, 

iodoethane (2.14 g, 13.75 mmol) was added dropwise, 

and after an additional 1.5 hour, water was added. 

10 The reaction mixture was warmed to room 

temperature, and the product was isolated by flash 
column chromatography (silica, 2:1 hexane/ethyl 
acetate, 0.9 g, 85.7%). X H NMR (CDC1 3 ) 6 1.00 (t, 
3H) ; 1.01 (t, 3H) ; 1.74 (m, 2H) ; 1.85 (m, 2H) ; 1.99 

15 (m, 2H) ; 2.47 (m, 2H) ; 3.40 (m, 2H) ; 3.84 (3, 3H) ; 
3.88 (s, 6H) ; 4.16 (t, 2H) ; 5.16 (9, 2H) ; 5.21 (m, 
2H) ; 6.61 (s, 2H) ; 7.36 (d, 1H) ; 7.42 (m, 4H) ; 7.51 
(d, 1H) . 

Trans -2- ( 3 -hydroxy- 4 -pr opoxy- 5- 
20 propylsulf onylphenyl) -5- (3, 4 # 5-trimethoxyphenyl) 
tetrahydrof uran (compound 212, scheme 2) 

A solution of 211 (1 g, 1.71 mmol) in 15 

mL ethyl acetate was hydrogenated over 10% 

palladium-on-charcoal (2 00 mg) at balloon pressure 

2 5 for 1.5 hour. The catalyst was filtered off over 

Celite, and the filtrate was evaporated in vacuo to 
give the product (910 mg, 108%) . *H NMR (CDC1 3 ) S 
1.00 (t, 3H) ; 1.10 (t, 3H) ; 1.72 (m, 2H) ; 1.91 (m, 
2H) ; 1.99 (m, 2H) ; 2.48 (m, 2H) ; 3.34 (m, 2H) ; 3.82 

30 (m, 2H) ; 3.84 (s, 3H) ; 3.88 (s, 6H) ; 4.12 (t, 2H) ; 
5.21 (m, 2H) ; 6.61 (s, 2H) ; 7.32 (d, 1H) ; 7.49 (d, 
1H) . 

Trans-2-[3 - (2 - (N-benzyloxycarbonylamino) ethoxy) - 
4 -propoxy-5-propylsulf onylphenyl ] -5- (3,4,5- 
35 trimethoxyphenyl) tetrahydrof uran 
(compound 213, scheme 2) 

To a solution of 212 (910 mg, 1.84 mmol) 

in 5 mL DMF was added potassium carbonate (754 mg, 

5.46 mmol) and the 2-bromo-l (N-benzyloxycarbonyl) 
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ethylamine (564 mg, 2.18 mmol) (the reagent was 

prepared as described below) . The reaction mixture 

was stirred at 4 0°C for 20 hours. The reaction was 

quenched with water and extracted with ethyl 

5 acetate. The organic layer was washed with water 

and saturated sodium chloride solution, dried over 

magnesium sulfate, filters d and evaporated in 

vacuo. The product was purified by flash column 

chromatography (silica, 1:1 hexane/ethyl acetate) 

10 (1.01 g, 82.1%). *H NMR (CDC1 3 ) S 1.00 (t, 3H) ; 

1.05 (t, 3H) ; 1. 72 (m, 2H) ; 1.86 (m, 2H) ; 1.99 (m, 

2H) ; 2.49 (m, 2H) ; 3.37 (m, 2H) ; 3.68 (m, 2H) ; 4.10 

(t, 2H) ; 4.15 (t, 2H) ; 5.12 (s, 2H) ; 5.20 (m, 2H) ; 

6.61 (s, 2H) ; 7.28 (d, 1H) ; 7.51 (d, 1H) . 

15 Preparation of the 2-bromo-l (N-benzyloxycarbonyl) 
ethylamine: (compound 216) 

2-Bromoethylamine hydrobromide (2 g, 9.76 

mmol) was dissolved in 2N sodium hydroxide solution 

(1.37 g, 34.16 mmol) and cooled with ice bath. To 

2 0 this cold solution was added benzyl chlorof ormate 

(1 .83 g, 10.98 mmol) dropwise. The reaction 

mixture was stirred at 0°C for 2 hours and then 

warmed to room temperature and stirred at that 

temperature for 2 hours. The reaction mixture was 

2 5 extracted with ethyl acetate. The organic layer 

was washed with water, saturated sodium chloride 

solution, dried over magnesium sulfate, filtered 

and evaporated in vacuo to provide product (2.1 g, 

84%). X H NMR (CDC1 3 ) <S 3.48 (t, 2H) ; 3.61 (t, 2H) ; 

30 5.13 (s, 2H) ; 5.20 (bs, 1H) ; 7.3 7 (m, 4H) . 

Trans-2-[3- (2-aminoethoxy) -4-propoxy-5- 
propylsulf onylphenyl] -5-0,4, 5-trimethoxyphenyl) 
tetrahydrofuran (compound 214, scheme 2) 

A solution of 213 (500 mg, 0.75 mmol) in 

3 5 10 mL ethyl acetate was hydrogenated over 1 0% 

palladium-on charcoal (100 mg) at balloon pressure 
for 2 hours. The catalyst was filtered off over 
Celite, and the filtrate was evaporated in vacuo to 
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give the product (360 mg, 9 0%) . X H NMR (CDC1 3 ) 8 
1.01 (t, 3H) ; 1,08 (t, 3H) ; 1.74 (m, 2H) ; 1.90 (m, 
2H) ; 2.00 (m, 2H) ; 2.49 (in, 2H) 3.17 (t, 2H) ; 3.40 
(m, 2H) ; 3.84 (s, 3H) ; 3.88 (s, 6H) ; 4.12 (m, 4H) ; 
5 5.22 (m, 2H) ; 6.61 (8, 2H) ; 7.30 (d, 1H) ; 7.50 (d, 
1H) . 

Trans-2-[3- (2- (N'- <l-methylpropyn-2-yl) -N'- 
hydroxyureidyl) ethoxy) -4-propoxy-5- 
propylsulf onylphenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
10 tetrahydrofuran (compound 7, scheme 2) 

214 (170 mg, 0.317 irimol) was dissolved in 

4 mL dry dichloromethane. To this solution was 

added triphosgene (31 mg, 0.105 irimol) and 

tri ethyl amine (32 mg, 0.317 mmol) . The reaction 

15 mixture was refluxed for 2 hours and then cooled 

with ice bath. To this cold solution was added 

3 -butyny 1-2 -hydroxy lamine 153.8 mg, 0.633 mmol) 

(preparation of the reagent was described below) . 

The reaction mixture was stirred at room 

2 0 temperature overnight, and then quenched with water 

and extracted with ethyl acetate. The organic 
layer was washed with water and saturated sodium 
chloride solution, dried over magnesium sulfate, 
filtered and evaporated In vacuo. The product was 

25 purified by flash column chromatography (silica, 

ethyl acetate) (180.5 mg, 87.9%). *H NMR (CDC1 3 ) S 
1.06 (t, 3H; t, 3H) ; 1.35 (d, d, 3H) ; 1.74 (m, 2H) ; 
1.86 (m, 2H) ; 2.00 (m, 2H) ; 2.22 (m, 1H) ; 2.48 (m, 
2H) ; 3.38 (m, 2H) ; 3.71 (m, 2H) ; 3.84 (s, 3H) ; 3.89 

30 (s, 6H) ; 4.11 (t, 2H) ; 4.20 (m, 2H) ; 5.05 (m, 1H) ; 

5.21 (m, 2H) ; 6.46 (t, 1H) ; 6.52 (bs, 1H) ; 6.61 (s, 
2H) ; 7.30 (d, 1H) ; 7.50 (d, 1H) . 

Preparation of 3 -butyny 1-2 -hydroxy lamine: 
To a solution of 3-butyn-2-ol (3 g, 42.8 

3 5 mmol) in 6 mL dichloromethane was added 

methanesulf onyl chloride (4.9 g, 42.8 mmol) 
dropwise at O o c. The reaction mixture was stirred 
at room temperature for 2 hours, quenched with 
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water, and extracted with dichloromethane. The 
organic layer was dried with magnesium sulfate, 
filtered and evaporated in vacuo to an oil. After 
drying on vacuum pump for 3 0 minutes, the oil was 
5 dissolved in 10 mL dichloromethane. To this 

solution was added hydroxylamine hydrochloride (4.5 
g, 64.2 0 mmol) and triethylamine (7.8 g, 
77.04 mmol). This reaction mixture was refluxed 
for 2 hours, quenched with water, and extracted 

10 with dichloromethane. The organic layer was washed 
with saturated sodium chloride solution, dried over 
magnesium sulfate and evaporated in vacuo to an oil 
which was purified by flash column chromatography 
(silica, 1:1 hexane/ethyl acetate). *H NMR (CDC1 3 ) 

15 S 1.40 (d, 3H) ; 2.35 (s, 1H) ; 3.88 (q, 1H) ; 5.13 

(bs, 1H) ; 5.63 (bs, 1H) . 

Trans-2 -[3-<2-(N , -< propyn-2 -yl) -N'- 
hydroxyureidyl) ethoxy) -4-propoxy-5- 
propylsulf onylphenyl] -5- (3 , 4, 5-trimethoxyphenyl) 

2 0 tetrahydrof uran (compound 8, scheme 2) 

214 (50 mg, 0.093 mmol) was dissolved in 
3 mL dry dichloromethane. To this solution was 
added triphosgene (9.1 mg, 0.031 mmol) and 
triethylamine (9.4 mg, 0.093 mmol). The reaction 
25 mixture was refluxed for 2 hours and then cooled 

with an ice bath. To this cold solution was added 
2-propynyl hydroxylamine (10.2 mg, 0.18 6 mmol) 
(preparation of the reagent was as described 
below) . The reaction mixture was stirred at room 

3 0 temperature overnight, quenched with water and 

extracted with ethyl acetate. The organic layer 
was washed with water and saturated sodium chloride 
solution, dried over magnesium sulfate, filtered 
and evaporated in vacuo. The product was purified 
35 by flash column chromatography (silica, ethyl 

acetate) (16 mg, 27%). *H NMR (CDC1 3 ) S 1.01 (t, 
3H) ; 1.06 (t, 3H) ; 1.75 (m, 2H) ; 1.87 (m, 2H) ; 2.00 
(m, 2H) ; 2.19 (s, 1H) ; 2.49 (m, 2H) ; 3.38 (m, 2H) ; 
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3.71 (m, 2H) ; 3.84 (s, 3H) ; 3.89 (s, 6H) ; 4.13 (m, 
4H) ; 4.21 (t, 2H) ; 5.21 (m, 2H) ; 6.45 (t, 1H) ; 6.61 
(s, 2H) ; 7.31 (d, 1H) ; 7.50 (d, 1H) . 

Preparation of 2-propynylhydroxyamine: 
5 To a solution of propargyl alcohol (5 g, 

89.2 mmol) in 10 mL dichloromethane was added 
methanesulf onyl chloride (11.2 g, 98.1 mmol) 
dropwise at 0°C. The reaction mixture was stirred 
at room temperature for 2.5 hours, then quenched 
10 with water, and extracted with dichloromethane. 

The organic layer was dried with magnesium sulfate, 
filtered and evaporated In vacuo to an oil. After 
drying on a vacuum pump for 3 0 minutes, the oil was 
dissolved in 5 mL dichloromethane. To this 
15 solution was added hydroxylamine hydrochloride 
(12.4 g, 178.4 mmol) and triethylamine (45.1 g, 
445.9 mmol). This reaction mixture was refluxed 
for 2 hours and then quenched with water, and 
extracted with dichloromethane. The organic layer 
2 0 was washed with saturated sodium chloride solution 
and dried over magnesium sulfate and evaporated In 
vacuo to an oil which was purified by flash column 
chromatography (silica, 1:1 hexane/ethyl acetate) 
(100 mg) . 

2 5 Trans-2 «[3-(2-(N'-( 1-methy lpropen-2 -y 1 ) -N ' - 

hydroxyureidyl) ethoxy) -4-propoxy-5- 

propylsulf onylphenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 

tetrahydrofuran (compound 9, scheme 2) 

214 (43 mg, 0.080 mmol) was dissolved in 

3 0 3 mL dry dichloromethane. To this solution was 

added triphosgene (7.8 mg, 0.02 6 mmol) and 
triethylamine (8.1 mg, 0.080 mmol). The reaction 
mixture was refluxed for 2 hours and then cooled 
with ice bath. To this cold solution was added 
3 5 3 -buten-2 -hydroxy lamine (20.9 mg, 0.240 mmol) 
(preparation of this reagent was as described 
below) . The reaction mixture was stirred at room 
temperature overnight, and then quenched with ethyl 
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acetate. The organic layer was washed with water 
and saturated sodium chloride solution, dried over 
magnesium sulfate, filtered and evaporated in 
vacuo. The product was purified by preparative TLC 
5 (silica, ethyl acetate) (16.6 mg, 31.9%). *H NMR 

(CDC1 3 ) S 1.01 (t, 3H) ; 1.03 (t, 3H) ; 1.20 (m, 3H) ; 
1.70 (m, 2H) ; 1.85 (m, 2H) ; 2.00 (m, 2H) ; 2.47 (m, 
2H) ; 3.37 (m, 2H) ; 3.79 (t, 2H) ; 3.83 (s, 3H) ; 3.88 

(s, 6H) ; 3.95 (m, 1H) ; 4.10 (t, 2H) ; 4.18 (t, 2H) ; 
10 5.20 (m, 2H) ; 5.45 (m, 1H) ; 5.65 (m, 1H) ; 5.80 (m, 
1H) ; 6.36 (t, 1H) ; 6.60 (a, 2H) ; 7.29 (d, 1H) ; 7.50 

(d, 1H) . 

Preparation of 3-buten-2-hydroxylamine: 

To a solution of 3-buten-2-ol (1 g, 13.9 
15 mmol) in 5 mL dichloromethane was added 

methanesulf onyl chloride (1.75 g, 15.3 mmol) 
dropwise at 0°C. the reaction mixture was stirred 
at room temperature for 2 hours and then quenched 
with water, extracted with dichloromethane. The 

2 0 organic layer was dried with magnesium sulfate, 

filtered and evaporated in vacuo to an oil. After 
dried on vacuum pump for 30 minutes, the oil was 
dissolved in 5 mL dichloromethane. To this 
solution was added hydroxylamine hydrochloride 
25 (2.89 g, 41.6 mmol) and triethylamine (10.5 g, 

104.0 mmol). The reaction mixture was refluxed for 
16 hours, then quenched with water, and extracted 
with dichloromethane. The organic layer was dried 
over magnesium sulfate and evaporated in vacuo to 

3 0 provide the product (100 mg) . 

Trans -2 ~[3-(2-(N'-( l-methy lpropy 1 ) -N'- 
hydroxyureidyl) ethoxy) - 4 -pr opoxy- 5 - 
propylsulf onylphenyl] -5- (3 , 4,5- trimethoxy phenyl) - 
tetrahydrof uran (compound 10, scheme 2) 

35 A solution of 7 (30 mg, 0.046 mmol) in 2 

mL ethyl acetate was hydrogenated over 10% 

palladium-on charcoal (5 mg) for 3 hours. The 

catalyst was filtered off over Celite, and the 
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filtrate war, evaporated In vacuo to give the 
product (19.8 mg, 66%). X H NMR (CDCl 3 ) 6 0.84 (t, 
3H) ; 1.04 (m, 9H) ; 1.40 (m, 1H) ; 1.51 (m, 1H) ; 1.73 
(in, 2H) ; 1.87 (m, 2H) ; 1.99 (m, 2H) ; 2.48 (m, 2H) ; 
5 3.38 (m, 2H) ; 3.68 (m, 2H) ; 3.84 (s, 3H) ; 3.88 (s, 
6H) ; 4.11 (m, 3H) ; 4.18 (t, 2H) ; 5.21 (m, 2H) ; 6.10 
(m, 1 H) ; 6.33 (t, 1H) ; 6.61 (s, 2H) ; 7.30 (d, 1H) ; 
7.50 (d, 1H) . 

Trans-2-[3- (2- (N'- (N'-hydroxyureidyl) ethoxy) - 
10 4-propoxy-5-propylsulf onylphenyl] -5- (3, 4,5- 
tr imethoxy phenyl ) tetrahydrof uran 
(compound 11, scheme 2) 

214 (170 mg, 0.317 mmol) was dissolved in 

4 mL dry dichloromethane . To this solution was 
15 added triphosgene (31 mg, 0.105 mmol) and 

triethylamine (32 mg, 0.317 mmol). The reaction 
mixture was refluxed for 2 hours and then cooled 
with an ice bath. To this cold solution was added 
a solution of hydroxy lamine hydrochloride (44 mg, 

20 0.633 mmol) and a mixture of THF (1 mL) , water (1 
drop) , and triethylamine (32 mg) . The reaction 
mixture was stirred at room temperature overnight, 
the solvent was evaporated, and the reaction 
quenched with water. The water was then extracted 

25 with methylene chloride. The organic layer was 
washed with water and saturated sodium chloride, 
dried over magnesium sulfate, filtered and 
evaporated In vacuo. The product was purified by 
flash column chromatography (silica, ethyl acetate) 

30 (140 mg, 75 %) . X H NMR (CDC1 3 ) S 7.50 (s, 1H) , 7.2 

5 (s, 1H) , 6.60 (s, 2H) , 5.20 (m, 2H) , 4.15 (m, 

4H) , 3.90 (S, 6H) , 3.85 (S, 3H) , 3.70 (m, 2H) , 3.35 
(m, 2H) , 2.45, m, 2H) , 1.90 (m, 2H) , 1.70 (m, 2H) , 
1. 10 (t, 3H) , 0.9 (t, 3H) . 
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Trans-2-[3- (2- (N'-methyl-N'-hydroxyureidyl) 
ethoxy ) -4-propoxy-5-propylsulf onylphenyl] -5- 
( 3 , 4 , 5-trimethoxyphenyl) tetrahydrof uran 
(compound 12, scheme 2) 

The reaction procedure for this compound 
was similar to that of compound 11, scheme 2, 
except methyl hydroxylamine hydrochloride was used 
instead of hydroxylamine hydrochloride (100 mg, 52 
%) . *H NMR (CDC1 3 ) 8 7.50 (s, 1H) , 7.25 (S, 1H) , 
6.60 (S, 2H) , 5.20 (m, 2H) , 4.20 (m, 2H) , 4.15 (m, 
2H) f 3.90 (s, 6H) , 3.85 (s, 3H) , 3.70 (m, 2H) , 3.00 
(t, 2H) , 3.05 (s, 3H) , 2.50 (m, 2H) , 2.10-1.60 (m, 
6H) , 1.05 (m, 6H) . 

For the following compounds the procedure 
used for compound 11, scheme 2 was followed except 
the corresponding hydroxylamine hydrochlorides were 
used. The respective percentage yield and the NMR 
spectral date are given below. 

Compound 13, scheme 2, 110 mg (56 %) , *H 
NMR (CDCI3) S 7.50 (s, 1H) , 7.25 (s, 1H) , 6.60 (s, 
2H) , 5.20 (m, 2H) , 4,20 (m, 2H) , 4.15 (m, 2H) , 3.90 
(s, 6H) , 3.85 (s, 3H) , 3.70 (m, 2H) , 3.35 (m, 2H) , 
2.50, m, 2H) , 2.00 (m, 2H) , 1.70 (m, 2H) , 1.05 (m, 
9H) . 

Compound 14, scheme 2, 85 mg (42 %) , *H 

NMR (CDCI3) 8 7.50 (s, 1H) , 7.25 (s, 1H) , 6.60 (s, 
2H) , 5.20 (m, 2H) , 4.35 (m, 1H) , 4.20 (t, 2H) , 4.10 
(t, 2H) , 3.90 (m, 6H) , 3.85 (s, 3H) , 3.70 (m, 2H) , 
3.40 (m, 4H) , 2.50 (m, 2H) , 2.00 (m, 2H) , 1.90 (m, 
2H) , 1.70 (m, 2H) , 1.00 (m, 12H) . 

Compound 15, scheme 2, 120 mg (58 %) , 'H 
NMR (CDC1 3 ) , 8 7.50 (s, 1H) , 7.25 (s, 1H) , 6.60 (s, 
2H) , 5.20 (m, 2H) , 4.20 (m, 2H) , 4.10 (m, 2H) , 3.90 
(m, 6H) , 3.85 (s, 3H) , 3.70 (m, 2H) , 3.40 (m, 4H) , 
2.50, (m, 2H) , 2.00 (m, 2H) , 1.90 (m, 2H) , 1.70 (m, 
2H) , 1.5 (m, 2H) , 1.2 (m, 2H) , 1.0 (m, 6H) , 0.80 
(m, 3H) 
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Compound 16 , scheme 2, 7 9 mg (3 0 %) , *H 

NMR (CDC1 3 ) S 7.75 (m, 1H) , 7.50 (m, 2H) , 7.45 (m, 
2H) , 6.60 (s, 2H) , 5.20 (m, 2H) , 4.55 (m, 1H) , 4.15 
(m, 4H) , 3.70 (m, 2H) , 3.35 (m, 2H) , 2.50, m, 2H) , 
5 2.00 (m, 3H) , 1.70 (m, 2H) , 1.60 (m, 3H) , 1.05 (m, 
3H) . 

Example 4 

Preparation of trans-2- [3- (3- (N^hydroxy-N^- 
substituted ureidyl) propoxy) -4-propoxy-5- 
10 propylsulf onylphenyl] -5- (3 , 4, 5-trimethoxyphenyl) 
tetrahydrofuran (compounds 17-19 , scheme 3) 

Trans-2-[3- (3- (N-benzyloxycarbonylamino) 
propoxy) -4-propoxy-5-propylsulfonylphenyl]-5- 
(3 , A, 5-trimethoxyphenyl) tetrahydrofuran 
15 (compound 217, scheme 3) 

To a solution of 212 (150 mg, 0.30 mmol) 

in 5 mL DMF was added potassium carbonate (155.5 

mg, 1.13 mmol) and 3-bromo-l- 

(N-benzyloxycarbonyl) propylamine (12 2.4 mg, 0.45 
2 0 mmol) (this reagent was prepared as described 

below) . The reaction was stirred at 40 °C for 16 
hours. The reaction was quenched with water and 
extracted with ethyl acetate. The organic layer 
was washed with water and saturated sodium chloride 

2 5 solution, dried over magnesium sulfate, filtered 

and evaporated in vacuo to an oil which was 
purified by flash column (silica, 2:1 hexane/ethyl 
acetate) (149 mg, 72.5%). X K NMR (CDC1 3 ) S 1.00 (t, 
3H) ; 1.03 (t, 3H); 1.70 (m, 2H) ; 1.84 (m, 2H) ; 1.98 
30 (m, 2,H); 2.08 (m, 2H) ; 2.47 (m, 2H) ; 3.36 (m, 2H) ; 
3.44 (m, 2H) ; 3.84 (s, 3H) ; 3.88 (s, 6H) ; 4.11 (m, 
4H) ; 5.10 (s, 2H) ; 5.20 (m, 2H) ; 6.60 (s, 2H) ; 7.25 
(d, 1H) ; 7.31 (m, 4H) ; 7.49 (d, 1H) . 

Preparation of the 3-bromo-l- (N-benzyloxy car bony 1) 

3 5 propylamine (compound 22 0) 

3-Bromopropylamine hydrobromide (4 g, 
18.27 mmol) was dissolved in 2N sodium hydroxide 
solution (2.56 g, 63.95 mmol in 3 0 mL water)) and 
cooled with an ice bath. To this cold solution was 
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added benzylchlorof ornate (3.43 g, 20.10 mmol) 

dropwise. The reaction mixture was warmed to room 

temperature and stirred at that temperature for 4 

hours. The reaction mixture was extracted with 

5 ethyl acetate. The organic layer was washed with 

water, saturated sodium chloride solution, dried 

over magnesium sulfate, filtered and evaporated in 

vacuo to provide the named product (4-5 g, 90.2%). 

1 H NMR (CDC1 3 ) € 2.10 (m, 2H) ; 3.38 (q, 2H) ; 3.46 

10 (t, 2H) ; 5.12 (s, 2H) ; 7.38 (m, 4H) . 

Trans-2-[3- (3-aminopropoxy) -4-propoxy-5- 
propy Isulf onylphenyl ] -5- ( 3 , 4 , 5- 
tr imethoxypheny 1 ) tetrahydrof uran 
(compound 218, scheme 3) 

15 A solution of 217 (149 mg, 0.22 mmol) in 

3 inL ethyl acetate was hydrogenated over 10% 
palladium-on charcoal (50 mg) at balloon pressure 
for 2.5 hours. The catalyst was filtered off over 
Celite, and the filtrate was evaporated In vacuo to 

20 give the product (102.4 mg, 85.4%). X H NMR (CDC1 3 ) 
S 1.00 (t, 3H) ; 1.05 (t, 3H) ; 1.70 (m, 2H) ; 1.87 
(m, 2H) ; 1.99 (m, 2H) ; 2.02 (m, 2H) ; 2.18 (bs, 2H) ; 
2.47 (m, 2H) ; 2.96 (t, 2H) ; 3.36 (m, 2H) ; 3.84 
(s, 3H) ; 3.88 (s, 6H) ; 4.10 (t, 2H) ; 4.15 (t, 2H) ; 

25 5.20 (m, 2H) ; 6.60 (2, 2H) ; 7.26 (d, 1H) ; 7.46 (d, 
1H) . 

Trans-2- [3- < 3 ~ (N'-methyl-N'hydroxyureidyl) 
propoxy) -4-propoxy-5-propylsulf onylphenyl] -5- 
( 3 , 4 , 5-tr imethoxypheny 1) tetrahydrof uran 
3 0 (compound 17, scheme 3) 

218 (34 mg, 0.062 mmol) was dissolved in 

2 mL dry dichloromethane. To this solution was 

added triphosgene (6.0 mg, 0.02 0 mmol) and 

triethylamine (6.2 mg, 0.062 mmol). The reaction 

3 5 mixture was refluxed for 2 hours and then cooled 

with an ice bath. To this cold solution was added 

methylhydroxyamine hydrochloride (15.5 mg, 0.185 

mmol) and triethylamine (28.1 mg, 0. 278 mmol). 

The reaction mixture was stirred at room 
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temperature overnight. The solvent was evaporated 

in vacuo and the product was purified by 

preparative TLC (silica, ethyl acetate) (13 mg, 

33.7%), 1 NMR (CDC1 3 S 1.01 (t, 3H) ; 1.05 (t, 3H) ; 

5 1.71 (m, 2H) ; 1.88 (m, 2H) ; 2.00 (m, 2H) ; 2.06 (m, 

2H) ; 2.49 (m, 2H) ; 3.05 (s, 3H) ; 3.40 (m, 4H) ; 3.84 

(s, 3H) ; 3.88 (s, 6H) ; 4.12 (m, 4H) ; 5.21 (m, 2H) ; 

6.07 (t, 1 H) ; 6.61 (s, 2H) ; 6.95 (s, 1H) ; 7.28 (d, 

1H) ; 7.48 (d, 1H) . 

1 0 Trans -2 - [ 3 - ( 3 - ( N ' -buty 1-N ' hydroxyur eidy 1 ) 

propoxy) -4-propoxy-5-propyisulf onylphenyl] -5- 
( 3 , 4 , 5-tr imethoxyphenyl ) tetrahydrof uran 
(compound 18, scheme 3) 

218 (34 mg, 0.062 mmol) was dissolved in 

15 2 mL dry dichloromethane. To this solution was 
added triphosgene (6.0 mg, 0.02 0 mmol) and 
triethylamine (6.2 mg, 0.062 mmol). The reaction 
mixture was refluxed for 2 hours and then cooled 
with an ice bath. To this cold solution was added 

20 butylhydroxyamine (16.5 mg, 0.185 mmol). The 

reaction mixture was stirred at room temperature 
overnight. The solvent was evaporated in vacuo and 
the product was purified by preparative TLC 
(silica, ethyl acetate) (20 mg, 48.7%). *H NMR 

25 (CDC1 3 ) 6 0.91 (t, 3H) ; 1.01 t, 3H) ; 1.05 (t, 3H) ; 

1.30 (m, 2H) ; 1.52 (m, 2H) ; 1.72 (m, 2H) ; 1.86 (m, 
2H) ; 1.99 (m, 2H) ; 2.06 (m, 2H) ; 2.48 (m, 2H) ; 3.36 
(m, 2H) ; 3.44 (m, 4H) ; 3.84 (s 3H) ; 3.88 (s, 6H) ; 
4.13 (m, 4H) ; 5.21 (m, 2H) ; 6.04 (t, 1H) ; 6.61 (s, 

30 2H) ; 7.28 (d, 1H) ; 7.49 (d, 1H) . 

Trans-2 ~[3-(3-<N'-( l-methy lpropyn-2 -y 1 ) - N'- 
hydroxyureidyl) -propoxy) -4-propoxy-5- 
propylsulf onylphenyl] -5- (3, 4, 5-trimethoxyphenyl) - 
tetrahydrof uran (compound 19, scheme 3) 

3 5 218 (34 mg, 0.062 mmol) was dissolved in 

2 mL dry dichloromethane. To this solution was 
added triphosgene (6.0 mg, 0.02 0 mmol) and 
triethylamine (6.2 mg, 0.062 mmol). The reaction 
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mixture was refluxed for 2 hours and then cooled 
with an ice bath. To this cold solution was added 
3-butynyl-2-hydroxyamine (15.7 mg, 0.185 mmol) . 
The reaction mixture was stirred at room 
5 temperature overnight. The solvent was evaporated 
in vacuo and the product was purified by 
preparative TLC (silica, ethyl acetate) (30 mg, 
73.3%). X H NMR (CDC1 3 ) 8 1.02 (t, 3H; t, 3H) ; 1.38 
(d, d 3H) ; 1.72 (m, 2H) ; 1.88 (m, 2H) ; 1.99 (m, 
10 2H) ; 2.07 (m, 2H) ; 2.22 (m, 1H) ; 2.47 (m, 2H) ; 3.38 
(m, 2H) ; 3.48 (m, 2H) ; 3.84 (s, 3H) ; 3.88 (s, 6H) ; 
5.05 (m, 1 H) ; 5.21 (m, 2H) ; 6.28 (t, 1 H) ; 6.21 
(s, 2H) ; 7.27 (d, 1H) ; 7.48 (d, 1H) . 
Example 5 

15 Preparation of trans-2-[3-(4-(N'-hydroxy-N'- 
substituted ureidyl) -2-butenoxy) - 4 -pr opoxy- 5 - 
methylsulf onylphenyl] -5- ( 3 , 4 , 5-trimethoxyphenyl) 
tetrahydrof uran (compounds 2 0-24, scheme 4) 

Trans-2- ( 3 -hydroxy- 4 -pr opoxy- 5- 
2 0 methylsulf onylphenyl ) -5- ( 3 , 4 , 5-trimethoxyphenyl ) 
tetrahydrof uran (compound 221, scheme 4) 

A solution of 210 (900 mg, 1.62 mmol) in 

15 mL ethyl acetate was hydrogenated over 10% 

palladium-on charcoal (2 00 mg) at balloon pressure 

25 for 1.5 hours. The catalyst was filtered off over 
Celite, and the filtrate was evaporated in vacuo to 
give the product (790 mg, 104.7%). 1 H NMR (CDC1 3 ) S 
1.12 (t, 3H) ; 1.91 (m, 2H) ; 1.99 (m, 2H) ; 2.48 (m, 
2H) ; 3.24 (s, 3H) ; 3.84 (s, 3H) ; 3.88 (s, 3H) ; 4.13 

30 (t, 2H) ; 5.21 (m, 2H) ; 6.61 (s, 2H) ; 7.24 (d f 1H) ; 
7.51 (d, 1H) . 

Trans-2 - [ 3 - ( 4 -phthalimidy 1-2 -butenoxy ) -4 -propoxy- 
5-methylsulf onyl-phenyl] -5- (3 , 4, 5-trimethoxyphenyl) 
tetrahydrof uran (compound 222, scheme 4) 

35 To a solution of 221 (300 mg, 0.65 mmol) 
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in 2 mL DMF was added potassium carbonate (2 67 mg, 
1.93 mmol) and the 4-bromo-l-phthalimidyl-2-butene 
(270.4 mg, 0.97 mmol) (this reagent was prepared as 
described below) . The reaction was stirred at 4 0°C 
5 for 16 hours. The reaction was quenched with water 
and extracted with ethyl acetate. The organic 
layer was washed with water and saturated sodium 
chloride solution, dried over magnesium sulfate, 
filtered and evaporated in vacuo to an oil which 

10 was purified by flash column (silica, 1:1 

hexane/ethyl acetate) (387.8 mg, 90.6%). X H NMR 
(CDC1 3 ) S 1.02 (t, 3H) ; 1.85 (m, 2H) ; 1.97 (m, 2H) ; 
2.456 (m, 2H) ; 3.24 (m, 2H) ; 3.84 (s, 3H) ; 3.88 (s, 
6H) ; 4.12 (t, 2H) ; 4.36 (d, 2H) ; 4.61 (d, 2H) ; 5.20 

15 (m, 2H) ; 5.97 (m, 2H) ; 6.61 (s, 2H) ; 7.22 (d, 1 H) ; 

7.51 (d, 1 H) ; 7.74 (m, 2H) ; 7.86 (m, 2H) . 

Preparation of 4-bromo-l-phthalimidyl-2-butene 
(compound 227) : 

To a solution of 1 , 4-dibromo-2-butene (5 

20 g, 23.37 mmol) in 4 mL DMF was added phthalimide 

potassium salt (433 mg, 2.34 mmol). The reaction 

mixture was stirred at 40 °C for 16 hours. The 

reaction was quenched with water and extracted with 

ethyl acetate. The organic layer was washed with 

25 water and saturated sodium chloride solution, dried 

over magnesium sulfate, filtered and evaporated in 

vacuo to provide the product (250 mg) . 1 H NMR 

(CDCI3) 6 3.92 (d, 2H) ; 4.32 (d, 2H) ; 5.90 (m, 2H) ; 

7.74 (m, 2H) ; 7.87 (m, 2H) . 

3 0 Trans-2-[3- (4-amino-2-butenoxy) -4-propoxy- 

5-methylsulf onylphenyl] -5- (3, 4, 5-trimethoxyphenyl) 
tetrahydrofuran (compound 223, scheme 4) 

To a solution of 222 (1 00 mg, 0. 15 

mmol) in 5 mL ethanol was added hydrazine 

3 5 monohydrate (7.2 mg, 0.2 3 mmol). The reaction 

mixture was refluxed for 2 hours and then quenched 

with water, extracted with ethyl acetate. The 

organic layer was washed with water and saturated 
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sodium chloride solution, dried over magnesium 
sulfate, filtered and evaporated In vacuo to 
provide the product (80 mg, 99.4%). 1 H NMR (CDC1 3 ) 
<S 1.05 (t, 3H) ; 1.89 (m, 2H) ; 1.99 (m, 2H) ; 2.48 
5 (m, 2H) ; 3.24 (s, 3H) ; 3.39 (m, 2H) ; 3.84 (s, 3H) ; 
3.88 (s, 6H) ; 4.14 (t, 2H) ; 4.62 (d, 2H) ; 5.21 (m, 
2H) ; 5.88 (m, 1H) ; 6.00 (m, 1H) ; 6.61 (s, 2H) ; 7.2 
8 (d, 1H) ; 7 . 51 (d, 1H) . 

Trans-2-[3- (4- (N'-methyl-N'-hydroxyureidyl) - 
10 2-butenoxy) -4-propoxy-5-methylsulf onylphenyl] - 
5- (3 , 4 , 5-trimethoxyphenyl) tetrahydrof uran 
(compound 20, scheme 4) 

223 (34 mg, 0.064 mmol) was dissolved in 

3 mL dry dichloromethane . To this solution was 

15 added triphosgene (6.2 mg, 0.021 mmol) and 

triethylamine (6.4 mg, 0.064). The reaction mixture 

was refluxed for 2 hours and then cooled with an 

ice bath. To this cold solution was added 

methy Ihydroxyamine hydrochloride (23.2, 0.229 mmol ) 

2 0 and triethylamine (15.9 mg, 0.191 mmol). The 

reaction mixture was stirred at room temperature 
overnight, and then quenched with water and 
extracted with ethyl acetate. The organic layer 
was washed with water and saturated sodium chloride 

25 solution, dried over magnesium sulfate, filtered 

and evaporated In vacuo. The product was purified 
by preparative TLC (silica, ethyl acetate) (21 mg, 
54.2%). X H NMR (CDC1 3 ) 6 1.05 (t, 3H) ; 1.87 (m, 
2H) ; 1.99 (m, 2H) ; 2.47 (m, 2H) ; 3.06 (s, 3H) ; 3.26 

30 (s, 3H) ; 3.84 (s, 3H) ; 3.87 (m, 2H) ; 3.88 (s, 6H) ; 
4.13 (t, 2H) ; 4.62 (d, 2H) ; 5.21 (m, 2H) ; 5.86 (m, 
1 H) ; 5.99 (m, 1 H) ; 6.61 (s, 2H) ; 6.99 (s, 1 H) ; 
7.23 (d, 1 H) ; 7.52 (d, 1 H) . 

Trans-2-[3-(4-(N'-ethyl-N'-hydroxyureidyl)- 

3 5 2-butenoxy) -4 -propoxy-5 -methy Isulf onylphenyl] - 

5- (3 , 4 , 5-trimethoxyphenyl) tetrahydrof uran 
(compound 21, scheme 4) 

223 (40 mg, 0.075 mmol) was dissolved in 
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dry dichloromethane. To this solution was added 
triphosgene (7.3 mg, 0.02 5 mmol) and triethylamine 
(7.6 mg, 0.075 mmol). The reaction mixture was 
refluxed for 2 hours and then cooled with an ice 
5 bath. To this cold solution was added 

ethylhydroxyamine hydrochloride (21.9 mg, 0.224 
mmol) and triethylamine (27.2 mg, 0.269 mmol). The 
reaction mixture was stirred at room temperature 
overnight, and then quenched with water and 

10 extracted with ethyl acetate. The organic layer 

was washed with water and saturated sodium chloride 
solution, dried over magnesium sulfate, filtered 
and evaporated in vacuo. The product was purified 
by preparative TLC (silica, ethyl acetate) (25.4 

15 mg, 54.6%). *H NMR (CDC1 3 ) S 1.04 (t, 3H) ; 1.08 (t, 
3H) ; 1.87 (m, 2H) ; 1.99 (m, 2H) ; 2.47 (m, 2H) ; 3.25 
(s, 3H) ; 3.47 (m, 2H) ; 3.84 (s, 3H) ; 3.87 (m, 2H) ; 
3.88 (s, 6H) ; 4.1 2 (t, 2H) ; 4.62 (d, 2H) ; 5.21 (m, 
2H) ; 6.86 (m, 2H) ; 6.03 (t, 1H) ; 6.61 (s, 2H) ; 6.78 

20 (bs, 1 H) ; 7.22 (d, 1 H) ; 7.51 (d, 1H) . 

Trans-2-[3- (4- (N' -butyl-N' -hydroxyureidyl) - 
2-butenoxy ) -4-propoxy-5-methylsulf onylphenyl] - 
5- ( 3 , 4 , 5-trimethoxyphenyl ) tetrahydrof uran 
(compound 22, scheme 4) 

25 223 (34 mg, 0.064 mmol) was dissolved in 

3 mL dry dichloromethane. To this solution was 
added triphosgene (6.2 mg, 0.021 mmol) and 
triethylamine (6.4 mg, 0.064 mmol). The reaction 
mixture was refluxed for 2 hours and then cooled 

3 0 with an ice bath. To this cold solution was added 
butylhydroxyamine (17.0 mg, 0.191 mmol) The 
reaction mixture was stirred at room temperature 
overnight. The solvent was evaporated in vacuo and 
the product was separated by preparative TLC 

35 (silica, ethyl acetate) (20.9 mg, 50.6%). J H NMR 

(CDC1 3 ) S 0.90 (t, 3H) ; 1.05 (t, 3H) ; 1.29 (m, 2H) ; 
1.53 (m, 2H) ; 1.88 (m, 2H) ; 1.98 (m, 2H) ; 2.47 (m, 
2H) ; 3.25 (s, 3H) ; 3.43 (t, 2H) ; 3.84 (s, 3H) ; 3.87 
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(m, 2H) ; 3.88 (s, 6H) ; 4.13 (t, 2H) ; 4.62 (d, 2H) ; 
5.21 (m, 2H) ; 5.86 (m, 1 H) ; 5.98 (m, 1H) ; 6.61 (s, 
2H) ; 7.23 (d, 1H) ; 7.52 (d, 1H) . 

Trans-2- [3- (4- (N'- (propyn-2-yl) -N'-hydroxyureidyl) - 
5 2-butenoxy) -4-propoxy-5-raethylsulf onylphenyl] - 
5- (3, 4, 5-trimethoxyphenyl) tetrahydrof uran 
(compound 23, scheme 4) 

223 (40 mg, 0.075 mmol) was dissolved in 

3 mL dry dichloromethane. To this solution was 

10 added, triphosgene (7.3 mg, 0.025 mmol) and 

triethylamine (7.6 mg, 0.075 mmol). The reaction 
mixture was refluxed for 2 hours and then cooled 
with an ice bath. To this cold solution was added 
2-propynylhydroxyamine (10.6 mg, 0.150 mmol). The 

15 reaction mixture was stirred at room temperature 

overnight. The" solvent was evaporated in vacuo and 
the product was isolated by preparative TLC 
(silica, ethyl acetate) (20.8 mg, 44.0%). *H NMR 
(CDC1 3 ) S 1.05 (t, 3H) ; 1.88 (m, 2H) ; 1.99 (m, 2H) ; 

20 1.21 (s, 1 H) ; 2.48 (m, 2H) ; 3.25 (s, 3H) ; 3.84 (s, 
3H) ; 3.87 (m, 2H) ; 3.88 (s, 6H) ; 4.13 (t, 2H) ; 4.20 
(m, 2H) ; 4.63 (d, 2H) ; 5.21 (m, 2H) ; 6.08 (m, 2H) ; 
6.15 (t, 1H) ; 6.61 (s, 2H) ; 7.22 (d, 1H) ; 7.52 (d, 
1H) . 

2 5 Trans-2 -[3-<4-(N'-<2,3 -dichlorobenzy 1 ) - 

N ' -hydroxyureidy 1 ) -2-butenoxy) -4-propoxy- 
5-methylsulf onylphenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrof uran (compound 24, scheme 4) 

223 (40 mg, 0.075 mmol) was dissolved in 

3 0 3 mL dry dichloromethane. To this solution was 

added triphosgene (7.3 mg, 0.025 mmol) and 
triethylamine (7.6 mg, 0.075 mmol). The reaction 
mixture was refluxed for 2 hours and then cooled 
with an ice bath. To this cold solution was added 
35 2 , 3 -dichlorobenzy lhydroxyamine (51.4 mg, 0.224 

mmol) . The reaction mixture was stirred at room 
temperature overnight. The solvent was evaporated 
in vacuo and the product was isolated by 
preparative TLC (silica, ethyl acetate) (17.8 mg, 
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31.6%). X H NMR (CDCI3) 6 1.04 (t, 3H) ; 1.87 (m, 
2H) ; 1.99 (m, 2H) ; 2.47 (m, 2H) ; 3.24 (s, 3H) ; 3.84 
(s, 3H) ; 3.87 (m, 2H) ; 3.88 (s, 6H) ; 4.12 (t, 2H) ; 
4.52 (d, 2H) ; 4.77 (s, 2H) ; 5.20 (m, 2H) ; 5.86 (m, 
5 2H) ; 6.05 (t, 1 H) ; 6.59 (s, 2H) ; 7.14 (m, 1 H) ; 

7.24 (d, 1 H) ; 7.27 (m, 1 H) ; 7.36 (m, 1 H) ; 7.5 2 
(d, 1 H) . 
Example 6 

Preparation of trans-2-[3- (4- (N'-amino-N- 
10 hydroxyureidyl) -2-butenoxy) -4-propoxy-5- 

methylsulf ony Iphenyl ] -5- ( 3 , 4 , 5-tr imethoxyphenyl ) 
tetrahydrof uran ( compound 2 5 , scheme 4 ) 

Trans-2-[3- (4-bromo-2-butenoxy) -4-propoxy- 
5-methylsulf ony Iphenyl] -5- (3 . 4 . 5-tr imethoxyphenyl) 
15 tetrahydrof uran (compound 224 , scheme 4) 

To a solution of 221 (100 mg, 0.21 mmol) 

in 2 mL DMF was added potassium carbonate (59.3 mg, 

0.4 3 mmol) and the 1 , 4-dibromo-2-butene (459 mg, 

2.15 mmol). The reaction was stirred at room 

2 0 temperature for 16 hours. The reaction was 

quenched with water and extracted with ethyl 

acetate. The organic layer was washed with water 

and saturated sodium chloride solution, dried over 

magnesium sulfate, filtered and evaporated in vacuo 

2 5 to an oil which was purified by flash column 

(silica, 2:1 hexane/ethyl acetate) (106 mg, 82.8%). 

J H NMR (CDCI3) S 1.07 (t, 3H) ; 1.89 (m, 2H) ; 1.99 

(m, 2H) ; 2.48 (m, 2H) ; 3.25 (s, 3H) ; 3.84 (s, 3H) ; 

3.88 (s, 6H) ; 4.00 (d, 2H) ; 4.14 (t, 2H) ; 4.66 (d, 

30 2H) ; 5.21 (m, 2H) ; 6.01 (m, 2H) ; 6.60 (s, 2H) ; 7.26 

(d, 1H) ; 7.52 (d, 1H) . 

Trans-2- [3- (4-hydroxyamino-2-butenoxy) -4-propoxy- 
5-methylsulf onyl-phenyl] -5- (3 , 4 , 5-tr imethoxyphenyl) 
tetrahydrof uran (compound 225, scheme 4) 

35 To a solution of 224 (1 00 mg, 0. 17 

mmol) in 5 mL ethanol was added sodium carbonate 

(68.3 mg, 0.64 mmol) and hydroxyamine hydrochloride 

(29.9 mg, 0.43 mmol). The reaction was refluxed 

for 2 hours. The reaction was quenched with water 
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and extracted with ethyl acetate. The organic 

layer was washed with water and saturated sodium 

chloride solution, dried over magnesium sulfate, 

filtered and evaporated In vacuo to provide product 

5 (90 mg, 92,0%) . 1 H NMR (CDC1 3 ) S 1.05 (t, 3H) ; 1.87 

(m, 2H) ; 1.99 (m, 2H) ; 2.48 (m, 2H) ; 3.25 (s, 3H) ; 

3.32 (m, 2H) ; 3.84 (s, 3H) ; 3.88 (s, 6H) ; 4.1 2 (t, 

2H) ; 4.64 (d, 2H) ; 5.20 (m, 2H) ; 5.90 (m, 2H) ; 6.60 

(s, 2H) ; 7.28 (d, 1H) ; 7.50 (d, 1H) . 

10 Trans-2- [3- (4- (N'-amino-N-hydroxyureidyl) - 

2-butenoxy) -4-propoxy-5-methylsulf onylphenyl] - 
5- ( 3 , 4 , 5-tr imethoxypheny 1 ) tetrahydrof uran 
(compound 25, scheme 4) 

To a solution of 225 (50 mg, 0.085 mmol) 

15 in 0.5 mL dichloromethane was added trimethylsilyl 

isocyanate (11.8 mg, 0.103 mmol). The reaction was 

stirred at room temperature for 3 hours. Saturated 

ammonium chloride solution was added to the 

reaction and it was extracted with ethyl acetate. 

2 0 The organic layer was washed with saturated sodium 

chloride solution, dried over magnesium sulfate, 
filtered and evaporated In vacuo to an oil which 
was purified by preparative TCL (silica, ethyl 
acetate) (5.1 mg, 10.0%). *H NMR (CDC1 3 ) 6 1.06 (t, 
25 3H) ; 1.90 (m, 2H) , 2.01 (m, 2H) ; 2.50 (m, 2H) ; 3.27 

(s, 3H) ; 3.51 (m, 1H) ; 3.84 (s, 3H) ; 3.88 (s, BH) ; 
4.20 (m, 4H) ; 4.80 (m, 2H) ; 5.21 (m, 2H) ; 5.82 

(m, 2H) ; 6.68 (s, 2H) ; 7.20 (s, 1H) ; 7.34. 
Example 7 

3 0 Preparation of trans-2- [3- (2- (N' -hydroxy- 

N' -substituted ureidyl) propoxy) -4-propoxy-5- 
methylsulf onylphenyl ] -5- (3,4, 5-tr imethoxypheny 1 ) 
tetrahydrof uran (compounds 2 6-27, scheme 5) 

Trans-2- [3- (propoxy-2-one) -4-propoxy- 
35 5-methylsulf onylphenyl] -5- (3, 4, 5-tr imethoxypheny 1) 
tetrahydrof uran (compound 228, scheme 5) 

To a solution of 221 (330 mg, 0.71 mmol) 

in 4 mL DMF was added potassium carbonate (273.7 

mg, 1.98 mmol), chloroacetone (73.3 mg, 0.79 mmol) 
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and tetrabutylammoniura iodide (2 92.5 mg, 

0.79 mmol) . The reaction mixture was stirred at 

40°C for 16 hours. The reaction was quenched with 

water and extracted with ethyl acetate. The 

5 organic layer was washed with water and saturated 

sodium chloride solution, dried over magnesium 

sulfate, filtered and evaporated in vacuo to 

provide the named product (355 mg, 94.9%). *H NMR 

(CDC1 3 ) S 1.08 (t, 3H) ; 1.92 (m, 2H) ; 1.99 (m, 2H) ; 

10 2.33 (s, 3H) ; 2.49 (m, 2H); 3.27 (s, 3H) ; 3.84 (s, 

3H) ; 3.88 (s, 6H) ; 4.21 (t, 2H) ; 4.68 (s, 2H) ; 5.20 

(m, 2H) ; 6.60 (s, 2H) ; 7.18 (d, 1H) ; 7.60 (d, 1H) . 

Trans - 2 - [ 3 - ( pr opoxy- 2 -o 1 ) - 4 -pr opoxy- 5 - 
methylsulf onylphenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
15 tetrahydrofuran (compound 229, scheme 5) 

228 (350 mg, 0.66 mmol) was added to 1 mL 

tetrahydrofuran and 2 mL methanol. To this 

solution was added dropwise sodium borohydride 

(25.1 mg, 0.66 mmol) in 0.5 mL water. The reaction 

2 0 mixture was stirred at room temperature for 2 

hours, and then cooled, quenched with water, and 
the aqueous layer extracted with ethyl acetate. 
The organic layer was dried over magnesium sulfate, 
filtered and evaporated in vacuo to provide the 
25 named product (346 mg, 98.5%). X H NMR (CDC1 3 ) 6 

1.05 ( t, 3H) ; 1.30 (d, 3H) ; 1.78 (m, 2H) ; 1.99 (m, 
2H) ; 2.49 (m, 2H) ; 3.23 (s, 3H) ; 4.02 (m, 2H) ; 4.12 
(t, 2H) ; 4.22 (m, 1H) ; 5.20 (m, 2H) ; 6.60 (s, 2H) ; 
7.28 (d, 1H) ; 7.51 (d, 1H) . 

3 0 Trans-2-[3- (2-phthalimidyl) propoxy) -4-propoxy- 

5-methylsulf onyl-phenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrofuran (compound 230 , scheme 5) 

To a solution of 229 (244 mg, 0.47 mmol), 

triphenylphosphine (134.4 mg, 0.51 mmol) and 

35 phthalimide (82.2 mg, 0.56 mmol) in 5 mL dry THF 

was added dropwise the diisopropyl azodicarboxylate 

(100.7 mg, 0.49 mmol). The reaction mixture was 

stirred at room temperature for 16 hours. The 
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solvent was evaporated in vacuo and the product was 

isolated by preparative TLC (silica, 1:1 

hexane/ ethyl acetate) (211 mg, 69.4%). *H NMR 

(CDC1 3 ) S 0.84 (t, 3H) ; 1.25 (d, 3H) ; 1.62 (m, 2H) ; 

5 1.99 (m, 2H) ; 2.48 (m, 2H) ; 3.26 (s, 3H) ; 3.84 (m, 

1 H) ; 3.88 (s, 6H) ; 4.14 (m, 2H) ; 4.70 (m, 2H) ; 

4.88 (m, 1 H) ; 5.21 (m, 2H) ; 6.61 (s, 2H) ; 7.28 

(m, 1H) ; 7.49 (m, 1 H) ; 7.74 (m, 2H) ; 7.84 (m, 2H) . 

Trans-2-[3- (2-aminopropoxy) -4-propoxy- 
10 5 -methyl sulf onylphenyl] -5 (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrofuran (compound 231, scheme 5) 

To a solution of 230 (63 mg, 0.096 mmol) 

in 3 mL ethanol was added hydrazine monohydrate 

(4.6 mg, 0.145 mmol). The reaction mixture was 

15 refluxed for 3 hours and then quenched with water, 
extracted with ethyl acetate. The organic layer 
was washed with water and saturated sodium chloride 
solution, dried over magnesium sulfate, filtered 
and evaporated in vacuo to provide the product 

20 (44.8 mg, 94.5%). X H NMR (CDC1 3 ) 6 1.05 (t, 3H) ; 

1.25 (d, 3H) ; 1.78 (m, 2H) ; 1.99 (m, 2H) ; 2.48 (m, 
2H) ; 3.25 (s, 3H) ; 3.42 (m, 2H) ; 3.84 (s, 3H) ; 3.88 
(s, 6H) ; 3.95 (m, 2H) ; 4.12 (t, 2H) ; 5.21 (m, 2H) ; 
6.61 (s, 2H) ; 7.28 (d, 1H) ; 7.51 (d, 1H) . 

2 5 Trans-2-[3- (2- (N'-methyl-N'-hydroxyureidyl) - 
propoxy) -4-propoxy-5-methylsulf onylphenyl] - 
5- ( 3 , 4 , 5-trimethoxyphenyl) tetrahydrofuran 
(compound 26, scheme 5) 

231 (44.4 mg, 0.090 mmol) was dissolved 

30 in 2 mL dry dichloromethane. To this solution was 

added triphosgene (8.9 mg, 0.03 0 mmol) and 

triethylamine (9.2 mg, 0.090 mmol). The reaction 

mixture was refluxed for 2 hours and then cooled 

with an ice bath. To this cold solution was added 

3 5 methy lhydroxyamine hydrochloride (22.7 mg, 0.271 

mmol) and triethylamine (32.9 mg, 0.326 mmol). The 

reaction mixture was stirred at room temperature 

overnight, then quenched with water and extracted 
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with dichloromethane. The organic layer was washed 
with water and saturated sodium chloride solution, 
dried over magnesium sulfate, filtered and 
evaporated in vacuo. The product was purified by 
5 preparative TLC (silica, ethyl acetate) (17.4 mg, 
32.3%). X H NMR (CDCl 3 ) S 1.06 (t, 3H) ; 1.35 (t, 
3H) ; 1.88 (m, 2H) ; 2.00 (m, 2H) ; 2.49 (m, 2H) ; 3.05 
(s, s 3H) ; 3.25 (s, 3H) ; 3.84 (s, 3H) ; 3.88 (s, 
6H) ; 4.1 2 (m, 4H) ; 4.28 (m, 1 H) ; 5.21 (m, 2H) ; 
10 6.04 (m, 1 H) ; 6.60 (d, 2H) ; 7.32 (d, d, 1H) ; 7.52 
(d, d 1H) . 

Trans-2 - [ 3 - ( 2 - ( N ' -buty 1-N ' -hydroxyureidy 1 ) 
propoxy) -4-propoxy-5-methylsulf onylphenyl] -5- 
( 3 , 4 , 5-trimethoxypheny 1 ) tetrahydrof uran 
15 (compound 27, scheme 5) 

231 (45 mg, 0.091 mmol) was dissolved in 

2 mL dry dichloromethane. To this solution was 

added triphosgene (8.9 mg, 0.03 0 mmol) and 

triethylamine (9.2 mg, 0.09 0 mmol). The reaction 

20 mixture was refluxed for 2 hours and then cooled 

with an ice bath. To this cold solution was added 
butylhydroxyamine (24.5 mg, 0.275 mmol). The 
reaction mixture was stirred at room temperature 
overnight. The solvent was evaporated in vacuo and 

25 the product was purified by preparative TLC 

(silica, ethyl acetate) (39.2 mg, 67.0%). X H NMR 
(CDC1 3 ) S 0.87 (m, 3H) ; 1.06 (t, 3H) ; 1.25 (m, 2H) ; 
1.34 (m, 3H) ; 1.50 (m, 2H) ; 1.88 (m, 2H) ; 1.99 (m, 
2H) ; 2.48 (m, 2H) ; 3.24 (s, 3H) ; 3.41 (m, 2H) ; 3.84 

30 (s, 3H) ; 3.88 (s, 6H) ; 4.10 (t, 2H) ; 4.14 (t, 2H) ; 

4.26 (m, 1 H) ; 5.21 (m, 2H) ; 6.07 (m, 1H) ; 6.60 (s, 
s, 2H) ; 7.31 (d, d 1H) ; 7.51 (d, d, 1H) . 
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Example 8 

Preparation of trans-2- [3- (2- (N-hydroxy-N' - 
substituted ureidyl) propoxy) -4-propoxy-5- 
propylsulf onylphenyl] -5- (3/ 4, 5-trimethoxyphenyl) 
5 tetrahydrofuran (compounds 28-29 scheme 5) 

Trans-2-[3- (propoxy-2-one) - 4 -propoxy- 5 - 
propylsulf onylphenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrofuran (compound 232, scheme 5) 

This compound was prepared from 212 in a 

10 manner similar to that used for 228. *H NMR (CDC1 3 ) 

5 1.00 (t, 3H) ; 1.05 (t, 3H) ; 1.70 (m, 2H) ; 1.88 
(m, 2H) ; 1.98 (m, 2H) ; 2.29 (s, 3H) ; 2.47 (m, 2H) ; 
3.36 (m, 2H) ; 3.84 (s, 3H) ; 3.88 (s, 6H) ; 4.25 (t, 
2H) ; 4.64 (s, 2H) ; 5.20 (m, 2H) ; 6.60 (s, 2H) ; 7.12 

15 (d, 1H) ; 7.51 (d, 1H) . 

Trans-2- [3- (propoxy-2-ol) -4-propoxy-5- 
propylsulf onylphenyl] -5-13 , 4 , 5-trimethoxyphenyl) 
tetrahydrofuran (compound 233, scheme 5) 

This compound was prepared from 232 in a 

20 manner similar to that used for 229. 1 H NMR (CDC1 3 ) 

6 1.00 (t, 3H) ; 1.05 (t, 3H) ; 1.32 (d, 3H) ; 1.72 
(m, 2H) ; 1.88 (m, 2H) ; 1.99 (m, 2H) ; 2.48 (m, 2H) ; 
3.38 (m, 2H) ; 3.84 (s, 3H) ; 3.88 (s, 6H) ; 3.99 (m, 
2H) ; 4.12 (t, 2H) ; 4.23 (m, 1 H) ; 5.21 (m, 2H) ; 

25 6.60 (s, 2H) ; 7.28 (d, 1H) ; 7.51 (d, 2H) . 

Trans-2- [3- (2-methylsuf onyl propoxy) -4-propoxy- 
5-propylsulf onylphenyl] -5- (3, 4, 5-trimethoxyphenyl) 
tetrahydrofuran (compound 234, scheme 5) 

To a solution of 233 (580 mg, 1.04 mmol) 

3 0 in 3 mli dichloromethane at O o c was added 

methanesulf onyl chloride (142.9 mg, 1.2 5 mmol) and 

triethylamine (1 89.3 mg, 1.87 mmol). The reaction 

was stirred at room temperature for 2 hours. The 

solvent was evaporated in vacuo and the residue 

3 5 purified by flash column chromatography (silica, 

2:1 hexane/ethyl acetate) (600 mg, 91.6%). X K NMR 

(CDC1 3 ) S 1.01 (t, 3H) ; 1.06 (t, 3H) ; 1.58 (d, 3H) ; 

1.72 (m, 2H) ; 1.88 (m, 2H) ; 1.99 (m, 2H) ; 2.49 (m, 

2H) ; 3.08 (s, 3H) ; 3.38 (m, 2H) ; 3.84 (s, 3H) ; 3.88 
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(s, 6H) ; 4.16 (m, 4H) ; 5.20 (m, 2H) ; 6.61 (s, 2H) ; 
7.28 (d, 1H) ; 7.51 (d, 1H) . 

Trans-2- [3- (2-hydroxyaminopropoxy) -4-propoxy- 
5-propylsulf onylphenyl-5- (3, 4, 5-trimethoxyphenyl) 
5 tetrahydrofuran (compound 2 35 , scheme 5) 

To a solution of 234 (212 mg, 0.34 mmol) 

in 5 inL ethanol was added sodium carbonate (80.3 

mg, 0.7 6 mmol) and hydroxyamine hydrochloride (35.1 

mg, 0.50 mmol). The reaction mixture was refluxed 

10 for 40 hours. The reaction was quenched with water 
and extracted with ethyl acetate. The organic 
layer was washed with water and saturated sodium 
chloride solution, dried over magnesium sulfate, 
filtered and evaporated in vacuo to an oil which 

15 was purified by flash column chromatography 

(silica, ethyl acetate) (30 mg) . X H NMR (CDC1 3 ) S 
1.01 (t, 3H) ; 1.06 (t, 3H) ; 1.25 (d, 3H) ; 1.74 (m, 
2H) ; 1.89 (m, 2H) ; 2.00 (m, 2H) ; 2.49 (m, 2H) ; 3.39 
(m, 2H) ; 3.48 (m, 1H) ; 3.84 (s, 3H) ; 3.88 (s, 6H) ; 

20 4.11 (m, 2H) ; 5.21 (m, 2H) ; 6.61 (s, 2H) ; 7.31 (d, 
1H) ; 7.51 (d, 1H) . 

Trans-2- [3- (2- (N'-amino-N-hydroxyureidyl) - 
propoxy) -4-propoxy-5-propylsulf onylphenyl] - 
5- ( 3 , 4 , 5-trimethoxyphenyl) tetrahydrofuran 

2 5 (compound 28, scheme 5) 

To a solution of 235 (30 mg, 0.052 mmol) 
in 1 mL dichloromethane was added trimethylsilyl 
isocyanate (6.0 mg, 0.052 mmol). The reaction 
mixture was stirred at room temperature for 2 

3 0 hours. Saturated ammonium chloride solution was 

added to the reaction and the mixture was extracted 
with ethyl acetate. The organic layer was washed 
with saturated sodium chloride solution, dried over 
magnesium sulfate, filtered and evaporated in vacuo 
3 5 to an oil which was purified by preparative TCL 

(silica, ethyl acetate) (10.7 mg, 33.4%). X H NMR 
(CDC1 3 ) S 1.01 (m, 6H) ; 1.26 (d, 3H) ; 1.70 (m, 2H) ; 
1.84 (m, 2H) ; 1..99 (m, 2H) ; 2.46 (m, 2H) ; 3.36 (t, 
2H) ; 3.83 (s, 3H) ; 3.88 (s, 6H) ; 4.00 (m, 1H) ; 4.21 
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(m, 3H) ; 4.71 (m, 1H) ; 5.20 (m, 2H) ; 5.29 (bs, 2H) ; 

6.60 (s, 2H) ; 7.27 (d, 1H) ; 7.49 (d, 1H) . 

Trans-2- [3- (2- (N'-methyl-N-hydroxyureidyl) - 
propoxy) -4-propoxy-5-propylsulf onylphenyl] -5- 
( 3 , 4 , 5-trimethoxyphenyl ) tetrahydrof uran 
(compound 29, scheme 5) 

To a solution of 235 (18 mg, 0.031 inmol) 

in 0.5 mL dichloromethane was added methyl 

isocyanate (1.8 mg, 0.031 mmol) . The reaction 

mixture was stirred at room temperature for 0.5 

hours. The solvent was evaporated in vacuo and the 

product was purified by preparative TCL (silica, 

ethyl acetate) (4.4 mg, 22.4%). *H NMR (CDC1 3 ) S 

1.01 (t, t, 6H) ; 1.29 (m, 3H) ; 1.71 (m. 2H) ; 1.85 

(m, 2H) ; 1.99 (m, 2H) ; 2.47 (m, 2H) ; 2.80 (d, 3H) ; 

3.37 (t, 2H) ; 3.83 (s, 3H) ; 3.88 (s, 6H) ; 4.11 (m, 

4H) ; 4.74 (m, 1 H) ; 5.21 (m, 2H) ; 6.88 (m, 1H) ; 

6.61 (s, 2H) ; 7.2 8 (d, 1H) ; 7.49 (d, 1H) . 
Example 9 

Preparation of trans-2- [3- (3- (N' -hydroxy- 
N ' -substituted ureidyl) ethoxy) 4-propoxy- 
5-methanesulf onylphenyl] -5- ( 3 , 4 , 5-trimethoxyphenyl) 
tetrahydrof uran (compounds 30-32, scheme 6) 

Trans-2- [3- (3- (N-benzyloxycarbonylamino) 
propoxy) -4-ethoxy-5-methanesulf onylphenyl] - 
5- ( 3 , 4 , 5-trimethoxyphenyl) tetrahydrof uran 
(compound 23 6, scheme 6) 

To a solution of 221 (437 mg, 1 mmol) in 

2 0 mL DMF was added potassium carbonate (414 mg, 3 

mmol) and 2-bromo-l- (N-benzyloxycarbonyl) ethylamine 

(322 mg, 1.25 mmol). The reaction was stirred at 
40°C for 16 hours. The reaction was quenched with 
water and extracted with ethyl acetate. The 
organic layer was washed with water and saturated 
sodium chloride solution, dried over magnesium 
sulfate, filtered and evaporated in vacuo to an oil 
which was purified by flash column (silica, 2:1 
hexane/ethyl acetate) (563 mg, 92 %) . *H NMR 

(CDC1 3 ) 6 1.03 (t, 3H) ; 1.85 (m, 2H) ; 2.08 (m, 2H) ; 
2.50 (m, 2H) ; 3.26 (s, 3H) ; 3.70 (m, 2H); 3.84 (s, 
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3H) ; 3.88 (s, 6H) ; 4.11 (m, 4H) ; 5.10 (s , 2H) ; 5.20 
(m, 2H) ; 6.60 (s, 2H) ; 7.25 (ci, 1H) ; 7.31 (m, 4H) ; 
7.49 (d, 1H) . 

Trans-2- [3- (3-aminoethoxy) -4-propoxy- 
5 5-methanesulf onylphenyl] -5- ( 3 , 4 , 5-trimethoxyphenyl) 
tetrahydrof uran (compound 2 37, scheme 6) 

A solution of 236 (614 mg, 1 mmol) in 50 

mL of ethanol was refluxed over 10% palladium-on 

charcoal (909 mg) and cyclohexene (21 mi) for 2.5 

10 hours. The catalyst was filtered off over Celite, 
and the filtrate was evaporated In vacuo to give 
the named product (3 87 mg, 82 %) . *H NMR (CDC1 3 ) S 
1.05 (t, 3H) ; 1.99 (m, 2H) ; 2.02 (m, 2H) ; 2.47 (m, 
2H) ; 3.15 (m, 2H) : 3.26 (m, 2H) ; 3.84 (s, 3H) ; 3.88 

15 (s, 6H) ; 4.10 (t, 2H) ; 4.15 (t, 2H) ; 5.20 (m, 2H) ; 

6.60 (2, 2H) ; 7.26 (d, 1H) ; 7.46 (d, 1H) . 

Trans-2- [3- (3- (N'-methyl-N'hydroxyureidyl) 
propoxy) -4-propoxy-5-propylsulf onylphenyl] -5- 
( 3 , 4 , 5-trimethoxyphenyl) tetrahydrof uran 
2 0 (compound 30, scheme 6) 

237 (51 mg, 0. 1 mmol) was dissolved in 5 

mL dry dichloromethane. To this solution was added 

triphosgene (14 mg, 0.048 mmol) and triethylamine 

(25 fil>, 0.18 mmol). The reaction mixture was 

2 5 refluxed for 2 hours and then cooled with an ice 

bath. To this cold solution was added 
methylhydroxyamine hydrochloride (20 mg, 0.2 39 
mmol) and triethylamine (54 /xL, 0.394 mmol). The 
reaction mixture was stirred at room temperature 

3 0 overnight. The solvent was evaporated In vacuo and 

the product was purified by preparative TLC 
(silica, ethyl acetate) (44 mg, 7 6%) . l H NMR 
(CDC1 3 ) S 1.0 (t, 3H) ; 1.90 (m, 2H) ; 2.00 (m, 2H) ; 
2.49 (m, 2H) ; 3.05 (s, 3H) ; 3.30 (s, 3H) ; 3.85 (m, 
35 11H) ; 4.15 (t. 2H) ; 4.25 (t, 2H) ; 5.20 (m, 2H) ; 
, 6.60 (s, 2H);.28 (d, 1H) ; 7.48 (d, 1H) . 

The following compounds were prepared in 
a similar manner to that described above by using 
the corresponding hydroxylamines . 
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Compound 31, scheme 6: *H NMR (CDC1 3 ) 8 
1.10 (m, 6H) ; 1.90 (m, 2H) ; 2.00 (m, 2H) ; 2.49 (m, 
2H) ; 3.30 (s, 3H) ; 3.40 (m, 2H) ; 3.70 (m, 2H) ; 3.85 
(m, 11H) ; 4.15 (t, 2H) ; 4.25 (t, 2H) ; 5.20 (m, 2H) ; 
5 6.60 (s, 2H) ; 7.28 (d, 1H) ; 7.48 (d, 1H) . 

Compound 32 , scheme 6: *H NMR (CDC1 3 ) £ 
0.09 (t, 3H) ; 1.10 (t, 3H) ; 1.30 (m, 4H) ; 1.90 (m, 
2H) ; 2.00 (m, 2H) ; 2.49 (m, 2H) ; 3.30 (s, 3H) ; 3.40 
(m, 2H) ; 3.70 (m, 2H) ; 3.85 (m, 11H) ; 4.15 (t, 2H) ; 
10 4.25 (t, 2H) ; 5.20 (m, 2H) ; 6.60 (s, 2H) ; 7.28 (d, 
IH) ; 7.48 (d, 1H) . 
Example 10 

Preparation of trans-2- [3- (4- (N' -hydroxy-N ' - 
substituted ureidyl) butyloxy-4-propoxy-5- 
15 methylsulf onylphenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrofuran (compounds 33-37 , scheme 7) 



Trans-2- [3- (4-phthalimidylbutyloxy) -4-propoxy- 
5-methylsulf onyl-phenyl] -5- (3 , A, 5-trimethoxyphenyl) 
tetrahydrofuran (compound 238 , scheme 7) 

20 To a solution of 221 (437 mg, 1 mmol) in 

15 mL DMF was added potassium carbonate (18 0 mg, 
1.3 0 mmol) and the N- (4-bromobutyl) phthalimide (42 3 
mg, 1.5 mmol) , The reaction was stirred at 100°C 
for 16 hours. The reaction was quenched with water 

25 and extracted with ethyl acetate. The organic 

layer was washed with water and saturated sodium 
chloride solution, dried over magnesium sulfate, 
filtered and evaporated in vacuo to an oil which 
was purified by flash column (silica, 1:1 

3 0 hexane/ ethyl acetate) (600 mg, 94 %) . *H NMR 

(CDC1 3 ) * 1-02 (t, 3H) ; 1.70-2.10 (m, 8H) ; 2.5 (m, 

2H) ; 3.24 (s, 3H) ; 3.84 (s, 3H) ; 3.88 (s, 6H) ; 4.12 

(m. 4H) ; 5.20 (m, 2H) ; 6.61 (s, 2H) ; 7.22 (d, 1H) ; 

7.51 (d, 1H) ; 7.74 (m, 2H) ; 7.86 (m, 2H) . 

3 5 Trans-2-[3-(4-aminobutyloxy) -4-propoxy- 

5-methylsulf onylphenyl] -5- (3, 4 , 5-trimethoxyphenyl) 
tetrahydrofuran (compound 239, scheme 7) 

To a solution of 238 (319 mg, 0.5 mmol) 

in 3 0 mL ethanol was added hydrazine monohydrate 
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(120 /xli, 1.74 mmol) . The reaction mixture was 
refluxed overnight and then quenched with water, 
extracted with methylene chloride. The organic 
layer was washed with water and saturated sodium 
5 chloride solution, dried over magnesium sulfate, 
filtered and evaporated in vacuo to provide the 
product (160 mg, 60 %) . X H NMR (CDC1 3 ) S 1.05 (t, 
3H) ; 1.70-2.10 (m, 8H) ; 2.50 (m, 2H) ; 3.24 (s, 3H) ; 
3.39 (m, 2H) ; 3.84 (s, 3H) ; 3.88 (s, 6H) ; 4.14 (m, 
10 4H) ; 5.21 (m, 2H) ; 6.61 (s, 2H) ; 7.28 (d, 1H) ; 7.51 
(d, 1H) . 

Trans-2- [3 - (4 - (N' -methyl-N' -hydroxyureidyl) 
butyloxy ) -4-propoxy-5-methy lsulf onylphenyl ] -5- (3,4, 
5-trimethoxyphenyl) tetrahydrof uran (compound 33, 
15 scheme 7) 

2 39 (53.7 mg, 0.1 mmol) was dissolved in 
2 0 mL of dry dichloromethane. To this solution was 
added triphosgene (13 mg, 0. 048 mmol) and 
triethylamine (27 piL, 0.197 mmol). The reaction 

2 0 . mixture was refluxed for 2 hours and then cooled 

with an ice bath. To this cold solution was added 
methylhydroxyamine hydrochloride (20 mg, 0.239 
mmol) and triethylamine (54 /uL, 0.394 mmol). The 
reaction mixture was stirred at room temperature 

25 overnight, and then quenched with water and 

extracted with ethyl acetate. The organic layer 
was washed with water and saturated sodium chloride 
solution, dried over magnesium sulfate, filtered 
and evaporated in vacuo. The product was purified 

30 by preparative TLC (silica, ethyl acetate) (42 mg, 
49 %) . *H NMR (CDC1 3 ) S 1.05 (t, 3H) ; 1.70 (m, 2H) ; 
1.87 (m, 4H) : 1.99 (m, 2H) ; 2.47 (m, 2H) ; 3.06 (s, 
3H) ; 3.26 (s, 3H) ; 3.30 (m. 2H) ; 3.84 (s, 3H) ; 3.88 
(s, 6H) ; 4.13 (m, 4H) ; 5.21 (m, 2H) ; 6.61 (s, 2H) ; 

35 7.23 (d, 1H) 7 7.52 (d, 1H) . 

The following compounds were prepared in 
a manner similar to that described above by using 
the corresponding hydroxy lamines . 



Compound 34, scheme 7: *H NMR (CDC1 3 ) 6 
1.05 (m, 6H) ; 1,70 (m, 2H) ; 1.87 (m, 4H) ; 1.99 (m, 
2H) ; 2.47 (m, 2H) ; 3.26 (s, 3H) ; 3.36 (m, 2H) ; 3.84 
(s, 3H) ; 3.88 (s, 6H) ; 4.13 (m, 4H) ; 4.40 (m, 1 H) ; 
5.21 (m, 2H) ; 6.61 (s, 2H) ; 7.23 (d, 1H) ; 7.52 
(d, 1H) . 

Compound 35, scheme 7: *H NMR (CDC1 3 ) 6 
1.05 (t, 3H) ; 1.10 (md, 6H) ; 1.70 (m, 2H) ; 1.87 (m, 
2H) ; 1.99 (m, 2H) ; 2.47 (m, 2H) ; 3.26 (s, 3H) ; 3.36 
(m, 2H) ; 3.84 (s, 3H) ; 3.87 (m, 2H) ; 3.88 (s, 6H) ; 
4.13 (t, 2H) ; 4.62 (d, 2H) ; 5.21 (m, 2H) ; 5.86 
(m, 1H) ; 5.99 (m, 1 H) ; 6.61 (s, 2H) ; 6.99 (s, 1H) ; 
7.23 (d, 1H) ; 7.52 (d, 1H) . 

Compound 36, scheme 7: J H NMR (CDC1 3 ) S 
0.90 (t, 3H) ; 1.05 (t, 3H) ; 1.30 (m, 2H) ; 1.55 (m f 
2H) ; 1.70 (m, 4H) ; 1.87 (m, 2H) ; 1.99 (m, 2H) ; 2.47 
(m, 2H) ; 3.26 (s, 3H) ; 3.30 (s f 3H) ; 3.45 (m, 2H) ; 
3.84 (s, 3H) ; 3.88 (s, 6H) ; 4.13 (m, 4H) ; 5.21 
(m, 2H) , 6.61 (s, 2H) ; 7.23 (d, 1H) ; 7.52 (d, 1H) . 

Compound 3 7 scheme 4: 2 H NMR (CDC1 3 ) S 
0.90 (t, 3H) ; 1.05 (t, 3H) ; 1.30 (m, 4H) ; 1.55 (m, 
2H) ; 1.70 (m, 4H) ; 1.87 (m, 2H) ; 1.99 (m, 2H) ; 2.47 
(m, 2H) ; 3.26 (s, 3H) ; 3.30 (s, 3H) ; 3.45 (m, 2H) ; 
3.84 (s, 3H) ; 3.88 (s, 6H) ; 4.13 (m, 4H) ; 5.21 (m, 
2H) ; 6.61 (s, 2H) ; 7.23 (d 7 1H) ; 7.5 2 (d, 1H) . 
Example 11 

l-Hydroxy-4-phthalimido-2-butyne (compound 240/ 
scheme 8) : 

1, 4-Dihydroxy-2-butyne (43 0 mg, 5.0 
itimol) , triphenylphosphine (1.44 g, 5.5 itunol) and 
phthalimide (1.47 g, 10.0 icunol) were dissolved in 
50 mL of dry THF. To this solution, with stirring 
under dry argon, was added diisopropyl 
azodicarboxylate (1.09 mL, 5.25 mmol) dropwise. 
After stirring at room temperature for 6 hours, the 
reaction mixture was evaporated In vacuo to remove 
the THF. The residue was dissolved in methylene 
chloride (25 mL) and ethyl acetate (25 mL) , the 
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insoluble phthalimide was filtered off and the 

filtrate was concentrated in vacuo. The residue 

was subjected to flash column chromatography 

(eluent, ethyl acetate-hexane, 1:1) to give 

5 l-hydroxy-4-phthalimido-2-butyne (240) as a white 

solid (570 mg, 53 %) . X H NMR (CDC1 3 ) S 7.88 (2H, 

dd, J = 5.7, 3.1 Hz), 7.74 (2H, dd, J 5.7, 3.1 Hz), 

4.49 (2H, t, J = 2.0 HZ), 4.24 (2H, dt, J = 6.2, 

2.0 Hz), 1.92 (1H, t, J = 6.2 Hz). 

10 Trans-2- (3-methylsulf onyl-5- (4-phthalimido-but-2- 
ynyloxy) -4-propyloxyphenyl) -5- (3,4,5- 
tr ime thoxypheny 1 ) tetrahydrof ur an ( compound 244, 
scheme 8) : 

To a solution of l-hydroxy-4-phthalimido- 

15 2-butyne (240, 71 mg, 0.33 mmol) and triethylamine 
(46 mL, 0.3 3 mmol) in dry methylene chloride (3.0 
mL) , with stirring at 0°C under argon, was added 
methanesulf onyl chloride (25 mL, 0.3 3 mmol) 
dropwise. After stirring at the same temperature 

2 0 for 3 0 min. and then at room temperature for 2 

hours, the reaction mixture was diluted with 10 mL 
of methylene chloride and washed with water (2 X 15 
mL) . The organic phase was dried over magnesium 
sulfate and concentrated in vacuo to yield 241. 

25 Trans-2- (3-hydroxy-5-methylsulf ony 1-4- 

propyloxyphenyl) -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrofuran (242), 130 mg, 0.28 mmol) was 
dissolved in dry DMF (1.5 mL) and K 2 C0 3 (58 Mg, 
0.42 mmol) was added to it. Stirred, at room 

30 temperature under argon, for 3 0 min and a solution 
of 241, made above, in 1.0 mL of dry DMF was added. 
The resulting reaction mixture was stirred at 70 °C 
overnight. The reaction mixture was diluted with 
methylene chloride (25 mL) and washed with water 

35 (25 mL) . The water layer was extracted once with 
2 5 mL of methylene chloride. The combined 
methylene chloride extracts were dried over 
magnesium sulfate and concentrated in vacuo to 
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obtain trans-2-13-methylsulf onyl-5- (4-phthalimido- 
but-2-ynyloxy) -4-propyloxyphenyl] -5- 

(3,4, 5-trimethoxyphenyl) tetrahydrof uran, 244 , 
which was used without further purification. ^-NMR 
5 (CDC1 3 ) (5 7.85 (2H, dd, J = 5.3, 3.2 Hz), 7.73 (2H, 
dd, J = 5.3, 3.2 Hz), 7.55 (1 H, d, J = 2.0 Hz), 
7.32 (1 H, d, J = 2.0 Hz), 6.62 (2H, s) , 5.1 6-5.21 

(2H, m) , 4.77 (2H, s) , 4.49 (2H, s) , 4.11 (2H, t, J 
= 6.8 Hz), 3.89 (6H, s) , 3.84 (3H, s) , 3.24 (3H, 
10 s) , 2.41-2.46 (2H, m) , 1.80-2.01 4H, m) , 1.04 (3H, 
t, J =6.8 Hz ) . 

Trans-2- [3- (4-amino-but-2-ynyloxy) -5- 
methylsulf onyl-4-propyloxy-phenyl] -5- (3 , 4,5- 
tr ime thoxypheny 1 ) tetrahydrof uran (246): 

15 To a solution of trans-2- [ 3 -methylsulf ony 1-5- 

(4-phthalimido-but-2-ynyloxy) -4-propyloxyphenyl] -5- 

(3,4, 5 -tr ime thoxypheny 1) tetrahydrof uran (244 , whole 

amount obtained from the previous step) in ethanol 

(5.0 mL) was added hydrazine hydrate (1 36 mL, 2.8 

2 0 mmol)The resulting solution was refluxed overnight. 

The ethanol was removed In vacuo and the residue 
was diluted with methylene chloride (25 mL) and 
water (25 mL) . The layers were separated and the 
water layer was extracted with methylene chloride 
25 (25 mL) . The combined organic extracts were dried 
and concentrated in vacuo. The residue was 
purified using PLC (eluent, 5% methanol in 
methylene chloride) to obtain 75 mg (50% overall 
from 242) of trans-2- [ 3- (4-amino- 

3 0 but-2-ynyloxy) -5-methylsulf onyl-4- 

propyloxyphenyl ] -5- ( 3 , 4 , 5-trimethoxy- 

phenyl) tetrahydrof uran (244). X H-NMR (CDC1 3 ) S 7.55 
(1H, d, J = 2.0 Hz), 7.37 (1H, d, J = 2.0 Hz), 6.59 
(2H, s) , 5.16-5.28 (2H, m) , 4.79 (2H, s) , 4.1 2 
35 (2H, t , iT = 6.6 Hz) , 3.87 (6H, s) , 3.81 (3H, s) , 
3.44 (2H, s) , 3.23 (3H, s) , 2.43-2.50 (2H, m) , 
1.83-2.03 ( 4H, m) , 1.57 (2H, brs) , 1.04 (3H, t, J 
= 6.6 Hz) . 
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Trans -2 - [3- [4- (N' -methyl -N ' -hydroxyureidy 1 ) -but- 
2-ynyloxy] -5-methylsulf onyl-4-propyloxyphenyl] - 
5- ( 3 , 4 , 5 -tr imethoxypheny 1 ) tetrahydrof uran ( compound 
38, scheme 8) : 

5 A solution of trans-2-13- (4-amino-but- 

2-ynyloxy) -5-methylsulf onyl-4-propyloxyphenyl] - 

5- (3 , 4 , 5-tr imethoxypheny 1) tetrahydrof uran (75 mg, 

0.14 mmol) (246), triethylamine (41 mL, 0.3 mmol) 

and triphosgene (14.2 mg, 0.05 mmol) in dry 

10 methylene chloride (3.0 mL) was refluxed under 

argon for 3 hours. The reaction mixture was cooled 
to room temperature and a solution of 
N-hydroxymethylamine hydrochloride (23 mg, 0.28 
mmol) and triethylamine (41 mL, 0.3 mmol) in 

15 THF-water (2 mL THF, 0.5 mL water) was added. This 
mixture was stirred at room temperature for 3 
hours. The reaction mixture was diluted with 
methylene chloride (25 mL) , washed with water, 
dried and concentrated In vacuo. The residue was 

2 0 subjected to PLC (eluent, 5% methanol in methylene 
chloride) to yield 60 mg of the target hydroxy 
urea, 1, (71%). IR (film) 3385, 2940, 2251, 1649, 
1593, 1466, 1306, 1235, 1128, 1036 cm" 1 ; X H NMR 
(CDC1 3 ) S 7.59 (1H, d, J = 1. 9 Hz), 7.27-7.36 (2H, 

25 m) , 6.61 (2H, s) , 5.89 (1H, t, J = 5.6 Hz), 

5.20-5.28 (2H, m) , 4.82 (2H, s) , 4.14 (2H, t, J" = 
6.9 Hz), 3.82-3.98 (11H, m) , 3.28 (3H, s) , 2.93 
(3H, S) , 2.46-2.53 (2H, m) , 1.80-2.07 ( 4H, m) , 
1.05 (3H, t, J = 6.9 Hz); 13 C NMR (CDC1 3 ) S 160.54, 

30 153.40, 151.10, 146.88, 139.13, 138.01, 134.79, 

118.85, 118.57, 102.79, 102.59, 86.00, 82.44, 

81.14, 77.50, 60.90, 57.35, 56.25, 43.56, 38.60, 

35.77, 35.57, 35.40, 30.03, 23.28, 10.43. 

Trans-2- [ 3-propylsulf onyl-5- ( 4-phthalimido- 
35 but-2-ynyloxy) -4-propyloxyphenyl] -5- 

(3, 4, 5-tr imethoxypheny 1) tetrahydrof uran (245) : 

Starting with 243 (36 mg, 0.073 mmol), 

and using the same procedure as for compound 244, 

compound 245 was obtained. The yield was not 
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determined, and the whole amount obtained was used 
without any purification. l H NMR (CDC1 3 ) 6 7.83 
(2H, dd, J = 5.0, 3.3 Hz), 7.71 (2H, dd, J = 5.0, 
3.3 Hz), 7.50 (1H, d, J = 1.9 Hz), 7.30 (1H, d, J = 
5 1.9 HZ), 6.60 (2H, s) , 5.10-5.21 (2H, m) , 4.76 (2H, 
s) , 4.47 (2H, s) , 4.08 (2H, t, J = 6.7 Hz), 3.86 
(6H, s) , 3.83 (3H, s) , 3.32-3.37 (2H, m) , 2.39-2.43 
(2H, m) , 1.60-2.05 (6H, m) , 0.94-1.23 (6H, m) . 

Trans-2-[3- (4-amino-but-2-ynyloxy) -5-propylsulf onyl 
- 4-propyloxy-phenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrofuran (247) ; 

Using the same procedure as for compound 

24 6, starting with 245 (the whole amount obtained 

in the previous step) 15 mg of compound 247 was 

obtained (37%, overall all from 243). *H NMR 

(CDC1 3 ) S 7.54 (1H, d, J = 1.6 Hz), 7.38 (1 H, d, J 

= 1.6 Hz), 6.61 (2H, s) , 5.15-5-30 (2H, m) , 4.81 

(2H, S) , 4.13 (2H, t, J 6.9 Hz), 3.88 (6H, s) , 3.84 

(3H, s), 3.47 (2H, brs) , 3.36-3.41 (2H, m) , 

2.40-2.55 (2H, m) , 1.65-2.05 (8H, m) , 0.97-1.08 

(6H, M) . 

Trans-2 - [ 3 - [ 4 - (N ' -buty 1-N ' -hydroxyureidy 1 ) -but- 
2-ynyloxy] -5-propylsulf onyl-4-propyloxyphenyl] - 
5- ( 3 , 4 , 5-trimethoxyphenyl) tetrahydrofuran 
25 (compound 39, scheme 8): 

The procedure used for this compound was 

similar to the one used for the methylsulf onyl- 

N-methyl analogue. Thus starting with 247 (15 mg, 

0.027 mmol) , 5 mg of 39 was obtained (27%). 

30 X H NMR (CDC1 3 ) S 7.57 (1H, d, J = 2.0 Hz), 7.37 (1H, 
d, J = 2.0 Hz), 7.27-7.36 (2H, m) , 6.61 (2H, s) , 
5.89 (1 H, t, J = 5.6 Hz), 5.20-5.28 (2H, m) , 4.83 
(2H, s) , 4.14 (2H, t, J = 6.7 Hz), 3.95-4.05 (2H, 
m) , 3.90 (6H, s) , 3.85 (3H, s) , 3.38-3.40 (2H, m) , 

35 3.38 (2H, t, J 7.2 Hz), 2.43-2.55 (2H, m) , 

1.68-2.10 (6H, m) , 1.35-1.50 (2H, m) , 1.15-1.20 
(2H, m) , 0.95-1.12 (6H, m) , 0.88 (3H, t, J = 7.1 
Hz) . 
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Example 12 

Trans-2 -[3-methylsulfony 1-5- (4-hydroxy-but-2- 
ynyloxy ) -4-propyloxy-phenyl ] -5 -(3,4,5- 
trimethoxyphenyl) tetrahydrof uran 
5 (compound 248, scheme 9): 

To a solution of trans-2- [ 3-hydroxy-5- 

methylsulf onyl-4-propyloxyphenyl] -5- (3 , 4 , 5- 

trimethoxyphenyl) tetrahydrof uran (242, 130 mg, 0.28 

mmol) , triphenylphosphine (87 mg, 0.33 mmol) and 

10 l,4dihydroxy-but-2-yne (36 mg, 0.4 2 mmol) in 2 mL 
of dry THF, under argon, with stirring, was added 
diisopropyl azodicarboxylate (62 mL, 0.315 mmol) 
dropwise. The resulting solution was stirred at 
80 °C for 1.5 hours. THF was removed in vacuo and 

15 the residue was subjected to PLC (eluent, ethyl 

acetate ihexane/ 3 : 1) to obtain 120 mg (80%) of 248. 
*H NMR (CDC1 3 ) S 7.58 (1H, d, J = 2.0 Hz), 7.43 (1H, 
d, J = 2.0 Hz), 6.62 (2H, s) , 5.18-5-21 (2H, m) , 
4.85 (2H, d, J = 1.7 Hz), 4.28-4.30 (2H, m) , 4.16 

20 (2H, t, J = 6.8 HZ), 3.89 (6H, s) , 3.84 (3H, S) , 

3.26 (3H, s) , 2.40-2.55 (2H, m) , 1.72-2.05 (5H, m) , 

1. 07 (3H, t, J = 7.4 Hz) . 

Trans-2 - [ 3 - [ 4 - ( N-phenoxy car bony loxy-N- 
phenoxy carbony lamino ) -but-2-ynyloxy] -5- 
25 methylsulf onyl-4-propyloxyphenyl] -5- (3, 4, 5- 
tr imethoxypheny 1 ) tetrahydrof uran 
(compound 249, scheme 9): 

To a solution of 248 (120 mg, 0.224 

mmol), triphenylphosphine (65 mg, 0.246 mmol) and 

30 N,0-bis- ( phenoxy car bony l)hydroxyl amine (61 mg, 
0.23 6 mmol) in 5 mL of dry THF, under argon with 
stirring, was added diisopropyl azodicarboxylate 
(47 mL, 0.23 6 mmol) dropwise. The resulting 
solution was stirred at room temperature for 2 

3 5 hours. THF was removed in vacuo and the residue 
was subjected to PLC (eluent, ethyl 

acetate :hexane/l: 1) to obtain 125 mg (72%) of 302. 
X H NMR (CDCI3) S 7.60 (1H, d, J = 1.9 Hz), 7.09-7.43 
(11H, m) , 6.60 (2H, s) , 5.18-5.29 (2H, m) , 4.89 
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(2H, S) , 4.66 (2H, s) , 4.16 (2H, t, J = 6.9 Hz) , 

3.84 (9H, S) , 3.25 (3H, s) , 2.40-2.52 (2H, m) , 

1.85-2.00 (4H, m) , 1.06 (3H, t, J = 7.4 Hz). 

Trans-2 - [ 3 - [ 4 - <N-hydroxyureidy 1 ) -but-2 -yny loxy ] -5 - 
5 methylsulf onyl-4-propyloxyphenyl] -5- ( 3 , 4 , 5- 

tr imethoxypheny 1 ) tetrahydrof uran ( compound 40, 
scheme 9) : 

To a solution of 249 (64 mg, 0.083 mmol) 
in 10 mL of dry THF, under argon, was added sodium 

10 amide (33 mg, 0.83 mmol). The reaction mixture was 
stirred at room temperature for 6 hours. THF was 
removed in vacuo and the residue was partitioned 
between methylene chloride (25 mL) and water (25 
mL) . The layers were separated and water layer was 

15 extracted once more with methylene chloride (25 

mL) . The combined organic extracts were dried over 
magnesium sulfate and concentrated in vacuo. The 
residue was subjected to PLC (eluent, 5% MeOH in 
methylene chloride) to obtained 40, (4 mg, 8.1%) 

20 along with 242 (10 mg) . *H NMR (CDC1 3 ) S 7.61 (1 H, 
d, J 1. 6 Hz), 7.38 (1H, d, J 1 . 6 Hz), 6.62 (2H, 
S) , 5.35 (1H, t, J « 7.1 HZ), 5.24 (1 H, t, J = 7.1 
Hz), 5.00 (2H, d, J = 2.2 Hz), 4.14 (2H, t, J = 6.6 
Hz), 3.81-3.87 (11H, m) , 3.26 (3H, s) , 2.40-2.60 

25 (2H, m) , 1.80-2.15 (4H, m) , 1.05 (3H, t, J = 
7.4 HZ) . 
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Example 13 

Preparation of trans-2-[3- (2- (N'-hydroxy-N'- 
substituted ureidyl) ethoxy) -4-propoxy-5- 
methylsulf onylphenyl) -5- [ 5- (2 , 3-dimethoxy) 
5 pyridyl] tetrahydrof uran (compounds 41-44, 

scheme 10) and trans-2-[3- (2- (N'hydroxy-N'- 
butylureidyl) ethoxy) -4-propoxy-5-propylsulf onylphen 
yl] -5- [ 5- (2 , 3-dimethoxy) pyridyl] tetrahydrof uran 
(compound 45, scheme 10) 

10 Trans-2- (3-benzyloxy-4-propoxy-5- 

propylsulf onylphenyl) -5-[5-(2, 3-dimethoxy) 
pyridyl] tetrahydrof uran (compound 251, scheme 10) 

To a stirred solution of 250 (prepared 

according to the procedure in U.S. Patent 

15 5,011,847) (60 ing, 0.11 mmol) in 0.5 mL dry THF at 

-78 °C was added dropwise lithium 

bis (trimethylsilyl) amide (0.31 mL, 0.31 mmol). 
After 2 0 minutes at this temperature, iodoethane 
(117 mg, 0.75 mmol) was added, and after an 

2 0 additional 4 0 minutes, a solution of saturated 

ammonium chloride was added. The reaction mixture 

was warmed to room temperature, and the product was 

isolated by flash column chromatography (silica, 

2:1 hexane/ethyl acetate) (25 mg, 39.6%). *H NMR 

25 (CDC1 3 ) S 1.00 (m, 6H) ; 1.74 (m, 2H) ; 1.85 (m, 2H) ; 

1.99 (m, 2H) ; 2.46 (m, 2H) ; 3.40 (m, 2H); 3.91 (s, 

3H) ; 4.02 (s, 3H) ; 4.16 (t, 2H) ; 5.16 (s, 2H) ; 5.20 

(m, 2H) ; 7.12 (d, 1H) ; 7.32 (d, 1H) ; 7.42 (m, 4H) ; 

7.50 (d, 1H) 7.7 2 (d, 1H) . 

30 Trans-2- (3-hydroxy-4-propoxy-5- 

me t hy 1 su 1 f ony lpheny l)-5-[5-(2,3 - d ime t hoxy ) 
pyridyl] tetrahydrof uran (compound 252, scheme 10) 

A solution of 250 (300 mg, 0.57 mmol) in 

2 mL ethyl acetate was hydrogenated over 1 0% 

3 5 palladium-on-charcoal (30 mg) at balloon pressure 

for 1.5 hour. The catalyst was filtered off over 
Celite, and the filtrate was evaporated in vacuo to 
give the product (261 mg, 105.2%). *H NMR (CDC1 3 ) 6 
1.04 (t, 3H) ; 1.88 (m, 2H) ; 1.96 (m, 2H) ; 2.45 (m, 
40 2H) ; 3.21 (s, 3H) ; 3.88 (s, 3H) ; 4.00 (s, 3H) ; 4.10 
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(t, 2H) ; 5.1 5 (m, 2H) ; 7.10 (d, 1H) ; 7.25 (d, 1H) ; 

7.44 (d, 1H) ; 7.67 (d, 1H) . 

Trans-2- (3-hydroxy-4-propoxy-5- 
propylsulf onylphenyl) -5- [5- (2 , 3-dimethoxy) 
5 pyridyl] tetrahydrof uran (compound 2 53 , scheme 10) 

This compound was prepared from 2 51 in a 

manner similar to that described for 252. X H NMR 

(CDC1 3 ) 8 1.01 (t, 3H) ; 1.09 (t, 3H) ; 1.72 (m, 2H) ; 

1.90 (m, 2H); 2.00 (m f 2H) ; 2.49 (m, 2H) ; 3.34 (m, 

10 2H) ; 3.91 (s, 3H) ; 4.01 (s, 3H) ; 4. 1 0 (t, 2H) ; 

5.20 (m, 2H) ; 6.07 (s, 1 H) ; 7.11 (d, 1 H) ; 7.30 

(d, 1H) ; 7.46 (d, 1H) ; 7.70 (d, 1H) . 

Trans-2- [3- (2-N-benzyloxycarbonylaminoethoxy) - 
4 -propoxy- 5 -methyl -sulf onylphenyl) ] -5- [5- (2,3- 
dimethoxy) pyridyl] tetrahydrof uran (compound 254 , 
scheme 10) 

To a solution of 252 (223 mg, 0.51 mmol) 
in 3 mL DMF was added potassium carbonate (211.6 
mg, 1.53 mmol) and 2-bromo-l- (N-benzyloxy- 
carbonyl) ethylamine (158 mg, 0.61 mmol). The 
reaction mixture was stirred at 4 0 °C for 16 hours. 
The reaction was quenched with water and extracted 
with ethyl acetate. The organic layer was washed 
with water and saturated sodium chloride solution, 
dried over magnesium sulfate, filtered and 
evaporated in vacuo to provide the product (2 00 mg, 
63.9%). X H NMR (CD1 3 ,) 6 1.02 (t, 3H) ; 1.85 (m, 
2H) ; 2.99 (m, 2H) ; 2.49 (m, 2H) ; 3.22 (s, 3H) ; 3.65 
(m, 2H) ; 3.90 (s, 3H) ; 4.00 (s, 3H) ; 4.12 (m, 4H) ; 
5.10 (s, 2H) ; 5*20 (m, 2H) ; 7.10 (d, 1H) ; 7.2 6 (d, 
1H) ; 7.34 (m, 4H) ; 7.51 (d, 1H) ; 7.70 (d, 1H) . 

Trans-2 -[3- (2-N-benzyloxycarbonylaminoethoxy) - 
4 -propoxy-5-propyl-sulf onylphenyl) ] -5- [5- (2,3- 
dimethoxy) pyridyl] tetrahydrof uran (compound 255, 
3 5 scheme 10) 

This compound was prepared from 253 in a 
manner similar to that described for 254. *H NMR 
(CDCI3) S 1.00 (t, 3H) ; 1.02 (t, 3H) ; 1.70 (m, 2H) ; 
1.84 (m, 2H) ; 2.00 (m, 2H) ; 2.35 (m, 2H) ; 2.48 (m, 
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2H) ; 2.65 (m, 2H) ; 3.90 (s, 3H) ; 4.00 (s, 3H) ; 4.08 

(t, 2H) ; 4.15 (t, 2H) ; 5.10 (s, 2H) ; 5.20 (in, 2H) ; 

7.10 (d, 1H) ; 7.26 (d, 1H) ; 7.32 (m, 4H) . 

Trans-2-[3- (2-aminoethoxy) - 4 -pr opoxy- 5 - 
5 methylsulf onylphenyl] -5- [5 (2 , 3-dimethoxy) 

pyridyl] tetrahydrof uran (compound 256, scheme 10) 

A solution of 254 (84 mg , 0.14 mmol) in 2 

mL ethanol was added 10% palladium-on charcoal (12 

mg) and cyclohexene (3 mL) . The reaction mixture 

10 was refluxed for 1.5 hours. The catalyst was 
filtered off over Celite, and the filtrate was 
evaporated in vacuo to give the product (54 mg, 
82.2%). l H NMR (CDC1 3 , ) 6 1.04 (t, 3H) ; 1.87 (m, 
2H) ; 2.00 (m, 2H) ; 2.49 (m, 2H) ; 3.22 (s, 3H) ; 3.90 

15 (s, 3H) ; 4.00 (s, 3H) ; 4.12 (m, 4H) ; 5.20 (m, 2H) ; 
7.10 (d, 1H) ; 7.28 (d, 1H) ; 7.50 (d, 1H) ; 7.70 (d, 
1H) . 

Trans«2-[3 - (2-aminoethoxy) -4-propoxy-5- 
propylsulf onylphenyl] -5- [ 5 (2 , 3-dimethoxy) 

2 0 pyridyl] tetrahydrof uran (compound 257, scheme 10) 

This compound was prepared from 255 in a 
manner similar to that described for 256. X H NMR 
(CDC1 3 ) S 1.00 (t, 3H) ; 1.06 (t, 3H) ; 1.72 (m, 2H) ; 
1.86 (m, 2H) ; 2.00 (m, 2H) ; 2.49 (m, 2H) ; 2.72 (m, 
25 2H) ; 3.11 (m, 2H) ; 3.38 (m, 2H) ; 3.90 (8, 3H) ; 4.00 
(s, 3H) ; 4.10 (t, 3H) ; 4.20 (t, 3H) ; 5.20 (m, 2H) ; 
7.10 (d, 1H) ; 7.26 (d, 1H) ; 7.48 (d, 1H) ; 7.50 (d, 
1H) . 

Trans-2-[3- (2- (N' -hydroxy-N-methylureidyl) ethoxy) - 

3 0 4 -propoxy- 5 -me thy 1 sulf onylphenyl ]-5-[5-(2,3- 

dimethoxy ) pyridyl] tetrahydrof uran 
(compound 41, scheme 10) 

256 (30 mg, 0.063 mmol) was dissolved in 

3 mL dry dichloromethane. To this solution was 

3 5 added triphosgene (6. 1 mg, 0.021 mmol) and 

triethylamine (6.3 mg, 0.063 mmol). The reaction 

mixture was refluxed for 2 hours and then cooled 

with an ice bath. To this cold solution was added 

methylhydroxyamine hydrochloride (15.7 mg, 0.187 
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mmol) and triethylamine (26.3 mg, 0.295 mmol). The 
reaction mixture was stirred at room temperature 
overnight. The solvent was evaporated in vacuo and 
the product was purified by preparative TLC 
5 (silica, ethyl acetate) (12 mg, 34.9%). *H NMR 

(CDC1 3 ) 51.06 (t, 3H) ; 1.89 (m, 2H) ; 2.05 (m, 2H) ; 
2.50 (m, 2H) ; 3.08 (s, 3H) ; 3.26 (s, 3H) ; 3.71 (m, 
2H) ; 3.92 (s, 3H) ; 4.03 (s , 3H) ; 4.14 (t, 2H) ; 4.22 
(t, 2H) ; 5.21 (m, 2H) ; 6.30 (t , 1H) ; 6.70 (s, 1H) ; 
10 7.10 (d, 1H) ; 7.32 (d, 1H) ; 7.52 (d, 1H) ; 7.72 
(d, 1H). 

Trans-2-[3- (2- (N'-hydroxy-N'-buty lure idyl) ethoxy) - 
4-propoxy-5-propyl-sulf onylphenyl] -5- [5- (2 , 3- 
dimethoxy ) pyridyl] tetrahydrof uran 
15 (compound 45, scheme 10) 

257 (50 mg, 0.098 mmol was dissolved in 3 

mL dry dichloromethane . To this solution was added 

triphosgene (9.6 mg, 0.03 2 mmol) and triethylamine 

(10.0 mg, 0.098 mmol). The reaction mixture was 

2 0 refluxed for 2 hours and then cooled with an ice 

bath. To this cold solution was added 
butylhydroxy amine (26.3 mg, 0.295 mmol). The 
reaction mixture was stirred at room temperature 
overnight. The solvent was evaporated in vacuo and 

25 the product was purified by preparative TLC 

(silica, ethyl acetate) (18 mg, 29.4%). *H NMR 
(CDCI3) S 1.05 (t, t, t, 9H) ; 1.30 (m, 2H) ; 1.51 (m, 
2H) ; 1.72 (m, 2H) ; 1.87 (m, 2H) ; 2.02 (m, 2H) ; 2.49 
(m, 2H) ; 3.40 (m 2H) ; 3.45 (m, 2H) ; 3.70 (t, 2H) ; 

30 3.91 (s, 3H) ; 4.02 (s, 3H) ; 4.12 (t, 2H) ; 4.20 (t, 
2H) ; 5.20 (m, 2H) ; 6.28 (t, 1H) ; 7.10 (d, 1H) ; 7.30 
(d, 1H) ; 7.50 (d, 1H) ; 7.70 (d, 1H) . 

Trans-2-[3-(2- (N / -hydroxy-N' -ethylureidyl) ethoxy) -4 

3 5 propoxy-5 -methyl- sulf onylphenyl] -5- [5- (2 , 3-dimethox 

y) pyridyl] tetrahydrof uran (compound 43 , scheme 10) 

256 (48 mg, 0.10 mmol) was dissolved in 3 
mL dry dichloromethane. To this solution was added 
triphosgene (14 mg, 0.05 mmol) and triethylamine 
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(26 fxl-i, 0.19 mmol). The reaction mixture was 
refluxed for 2 hours and then cooled with an ice 
bath. To this cold solution was added 
ethylhydroxylamine hydrochloride (20 mg, 0.2 0 mmol) 
5 and triethylamine (27 fiL, 0.20 mmol). The reaction 
mixture was stirred at room temperature overnight. 
The solvent was evaporated in vacuo and the product 
was purified by preparative TLC (silica, ethyl 
acetate). X H NMR (CDC1 3 , ) S 7.75 (s, 1H) , 7.55 (s, 

10 1H) , 7.30 s, 1H) , 7.10 (s, 1H), 5.20 (m, 2H) , 4.20 
(t, 2H) , 4.15 (t, 2H) , 4.00 (s, 3H) , 3.90 (s, 3H) , 
3.70 (t, 2H) , 3.50 (m, 2H) , 3.25 (s , 3H) , 2.50 (m, 
2H) , 2.00 (m, 2H) , 1.90 (m, 2H) , 1.10 (m, 6H) . 

The following compounds were prepared in 

15 a manner similar to that described above by using 
the corresponding hydroxy lamines . 

Compound 44 , scheme 10: *H NMR (CDC1 3 ) S 
7.75 (s, 1H) , 7.55 (s, 1 H) , 7.30 ( S/ 1 H) , 7.10 
(s, 1H) , 5.20 (m, 2H) , 4.20 (t, H) , 4.1 5 (t, 2H) , 

20 4.00 (s, 3H) , 3.90 (s, 3H) , 3.70 (t, 2H) , 3.50 (m, 
2H) , 3.25 (s, 3H) , 2.50 (m, 2H) , 2.00 (m, 2H) , 1.90 
(m, H) , 1.50 (m, 2H) , 1.30 (m, 4H) , 1.10 (m, 3H) , 
0.90 (t, 3H) . 

Compound 42, scheme 10: *H NMR (CDC1 3 ) S 

25 7.75 (s, 1H) , 7.55 (s, 1H) , 7.30 (s, 1H) , 7.10 (s, 
1 H) , 5.20 (m, 2H) , 4.20 (t, 2H) , 4.15 (t, 2H) , 
4.00 ( S/ 3H) , 3.90 (s, 3H) , 3.70 (t, 2H) , 3.50 (m, 
2H) , 3.25 (s, 3H) , 2.50 (m, 2H) , 2.00 (m, 2H) , 1.90 
(m, 2H) , 1.50 (m, 2H) , 1.30 (m, 4H) , 1.10 (m, 3H) , 

30 0.90 (t, 3H) . 

The following compounds are also 
preferred embodiments : 

Trans-2 - [ 2 - (N ' -sec-buty 1-N ' - 
hydroxyureidylmethylfuran-5-methylenoxy) -4- 
3 5 propoxy-5-methylsulf onylphenyl] -5- (3 , 4,5- 
tr imethoxypheny 1 ) tetrahydrof uran , 
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Trans-2 - [ 2 - (N ' -methy 1-N ' -hydroxyureidy Imethylf uran- 
5 -methyl enoxy) -4-propoxy-5-methylsulf onylphenyl] -5- 
(3 , 4 , 5-trimethoxyphenyl) tetrahydrofuran, 
Trans-2 - [ 2 - (N ' -n-butyl-N ' - 
5 hydroxyureidy lmethy If uran-5-methylenoxy ) -4-propoxy- 
5-methylsulf onylphenyl] -5- (3 , 4 , 5- 
tr imethoxypheny 1 ) tetrahydrofuran , 
Trans-2- [2- (N' -sec-butyl-N' - 

hydroxyureidy lmethy If uran-5 -methy lenoxy) -4-propoxy- 
10 5-methylsulf onylphenyl] -5- (3,4,5- 

tr imethoxypheny 1 ) tetrahydrofuran , 

Trans-2- [2- (N' -hydroxyureidy Imethylf uran-5- 

methylenoxy) -4-propoxy-5-methylsulf onylphenyl] -5- 

(3,4, 5-trimethoxyphenyl) tetrahydrofuran, 
15 Trans-2 -[2-(N'-(3 -methy lbutyl ) -N ' - 

hy dr oxy ur e i dy lmethy 1 fur an - 5 -methy 1 enoxy ) - 4 -pr opoxy- 

5-methylsulf onylphenyl] -5- (3,4,5- 

tr imethoxypheny 1) tetrahydrofuran , 

Trans-2- [2- (N' -isopropyl-N' - 
2 0 hydroxyureidy lmethy If uran-5-methylenoxy) -4-propoxy- 

5-methylsulf onylphenyl] -5- (3 ,4,5- 

tr imethoxypheny 1) tetrahydrofuran, 

Tr ans - 2 - [ 2 - ( N ' - cy c 1 opr opy lmethy 1 -N ' - 

hydroxyureidy Imethylf uran-5-methylenoxy) -4-propoxy- 

2 5 5-methylsulf onylphenyl ] -5- ( 3 , 4 , 5- 

tr imethoxypheny 1 ) tetrahydrofuran , 
Trans-2- [ 2- (N' -cyclobutyl-N' - 

hy dr oxy ur e i dy lmethy 1 f ur an- 5 -methy 1 enoxy ) - 4 -pr opoxy- 
5-methy lsulf onylphenyl ] -5- (3,4,5- 

3 0 tr imethoxypheny 1 ) tetrahydrofuran , 

Trans-2— [2- (N' —hydroxyureidy lmethy If uran-5 - 
methylenoxy) -4-propoxy-5-methylsulf onylphenyl] -5- 
(3,4, 5-trimethoxyphenyl) tetrahydrofuran, 
Trans-2 - [ 2 - (N ' - ( 3 -methy lpr opy 1 ) -N ' - 
3 5 hydroxyureidy lmethy lpyridine-6-methylenoxy) -4- 
propoxy-5-methy lsulf onylphenyl ] -5- (3,4,5- 
tr imethoxypheny 1 ) tetrahydrofuran , 



-78- 



Trans- 2- [ 2-N' -cyclopropylmethyl-N' - 
hydroxyureidylmethylpyridine-6-methylenoxy ) -4- 
propoxy-5-methylsulf onylphenyl ] -5- (3,4,5- 
tr imethoxypheny 1 ) tetrahydrofuran , 
Trans-2- [2- (N' -n-butyl-N' - 

hy dr oxy ur e i dy lme t hy lpy r id i ne - 6 -me thy 1 enoxy ) - 4 - 
propoxy-5-methylsulf onylphenyl] -5- (3,4,5- 
tr imethoxypheny 1 ) tetrahydrofuran , 
Trans-2 - [ 2 - (N ' -n-buty 1-N ' - 

hydroxyureidylmethylpyridine-6-methylenoxy) -4- 
propoxy-5-methylsulf onylphenyl] -5- (3 ,4,5- 
trimethoxyphenyl) tetrahydrofuran hydrochloride 
salt, 

Trans-2 - [ 2 - (N ' -benzyl ) -N'- 

hydroxyureidylmethylpyridine-6-methylenoxy) -4- 
propoxy-5-methylsulf onylphenyl ] -5- (3,4,5- 
tr imethoxypheny 1 ) tetrahydrofuran , 

Trans-2- [2- (N' -alky 1-N' -hydroxyureidylmethylf uran- 
5-methylenoxy) -4-propoxy-5-methylsulf onylphenyl] -5 
(3,4, 5 -tr imethoxypheny 1 ) tetrahydrofuran , 
Trans-2- [2- (N'- (3-alkyl) -N'- 

hydroxyureidylmethylpyridine-6-methylenoxy) -4- 
propoxy-5-methylsulf onylphenyl ] -5- (3,4,5- 
tr imethoxypheny 1 ) tetrahydrofuran , 
and Trans-2 - [ 2 - (N 9 -hydroxyureidy lmethylf uran-5- 
methylenoxy) -4-propoxy-5-methylsulf onylphenyl] -5- 
(3,4, 5-trimethoxyphenyl) tetrahydrofuran. 

BIOLOGICAL ACTIVITY EXAMPLES : 

Example 14: Ability of Compound to Bind to PAF 

Receptors 

a) Preparation of Human Platelet 

Membranes : 

Human platelet membranes were 
prepared from platelet concentrates obtained from 
the American Red Cross Blood Services (Dedham, MA) 
After several washes with platelet wash solution 
(150 mM NaCl, 10 mM Tris, and 2 mM EDTA, pH 7.5), 
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the platelet pellets were resuspended in 5 mM MgCl 2/ 
10 mM Tris, and 2 mM EDTA at pH 7.0. The cells were 
then quickly frozen with liquid nitrogen and thawed 
slowly at room temperature. The freezing and 
5 thawing procedure was repeated at least three 
times. For further fractionation of membrane 
fragments , the lysed membrane suspension was 
layered over the top of a discontinuous sucrose 
density gradient of 0.25, 1.03, and 1.5 M sucrose 

10 prepared in 10 mM MgCl 2 , 10 mM Tris and 2 mM EDTA, 

pH 7.0, and centrifuged at 63, 500 x g for 2 hours. 
The membrane fractions banding between 0.2 5 and 
1.03 M (membrane A) and between 1.03 and 1.5 M 
(membrane B) were collected separately. The 

15 protein concentration of the membrane preparations 
was determined by Lowry's method with bovine serum 
albumin (BSA) as the standard. The membranes were 
then separated into smaller fractions (4 ml each) 
and stored at -80°C and thawed before use. 

2 0 b) [ 3 H]PAF Binding Inhibition: 

The ability of [ 3 H]PAF to bind to specific 
receptors on human platelet membranes was evaluated 
at optimal conditions at pH 7.0 and in the presence 
of 10 mM MgCl 2 . Membrane protein (100 fig) was added 
25 to a final 0.5 mL solution containing 0.15 pmol 

(0.3 nM concentration) of [ 3 H]PAF and a known amount 
of unlabeled PAF or PAF receptor antagonist in 10 
mM MgCl 2 , 10 mM Tris and 0.25% BSA at pH 7.0. After 
incubation for four hours at O c C, the bound and 

3 0 unbound [ 3 H]PAF were separated through a Whatman 

GF/C glass fiber filter under vacuum. No 
degradation of filter bound [ 3 H]PAF has been 
detected under this assay condition. The 
nonspecific binding was defined as the total 
3 5 binding in the presence of excess unlabeled PAF (1 
mM) where no further displacement was found with 
higher concentrations of either unlabeled PAF or 
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PAF analogs or PAF receptor antagonists. The 

specific binding was defined as the difference 

between total binding and nonspecific binding. 

To determine the relative potency of 

tested compounds, [ 3 ]PAF binding in the presence of 

inhibitors was normalized in terms of percent 

inhibition by assigning the total binding in the 

absence of inhibitors as 0% inhibition and the 

total binding in the presence of 1 niM unlabeled PAF 

as 100%. The percent inhibition by the compound 

can be calculated by the formula expressed below: 

% inhibition [ (Total binding-total 

binding in the presence of 
compound) /nonspecific 
binding] x 100% 

The IC 50 was calculated as the concentration of the 

inhibitor necessary to obtain 50% inhibition of the 

specific [ 3 ]PAF binding and was calculated by a 

nonlinear regression computer software program, 

GraphPad Inplot, version 3.0 (GraphPad software, 

San Diego, CA) . 

Example 15: Effect of Compound on PAF-induced 

Hemoconcentration 

a) Animals 

Female CD-I mice, weighing 16-20 grams, 
were obtained from Charles River Laboratory 
(Wilmington, MA) . Tap water and rodent laboratory 
chow (5001, Purina Mills, St. Louis, MO) were 
provided ad libitum. The mice were housed for an 
average of four days prior to use. 

b) Hematocrit measurement 

PAF (l-0-alkyl-2-acetyl-s.n-glyceryl-3- 
phosphorylcholine, Sigma Chemical Co.) was 
dissolved in 0.25% bovine serum albumin (BSA) in 
0.9% NaCl solution. Except for dose-response 
studies, 10, pg (10 ml/kg) of PAF solution was 
injected into the tail vein. All test compounds 
were dissolved in 0.5% DMSO/ saline solution and 
intravenously injected at 3 mg/kg body weight 15 
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minutes prior to PAF challenge. Thirty to fifty jxL 

blood was collected by cutting the tail end into a 

heparinized micro-hematocrit tube (O.D. 1.50 mm) 15 

minutes after PAF administration. 

5 All test compounds were given 

intravenously at 3 mg/kg 15 minutes before PAF (10 

A*g/kg, intravenously) or AA (0.5 mg/ear) in mice. 

Example 16: Effect of 2, 5-Diaryl 

Tetrahydrothiophenes and 
10 Tetrahydrof urans on 

Endotoxin- induced Mouse Mortality 

a) Animals 

The mice are obtained and treated as 

in Example 15 above. 

15 b) Mortality Measurement 

Endotoxin (E . coli serotype 0127 :B8) and 

lipopolysaccharide (Sigma Chemical Co., St. Louis, 

MO) were freshly dissolved in 0.9% NaCl solution. 

Except for dose-response studies, endotoxin at 50 

2 0 mg/kg was injected into the tail vein. All test 

compounds were dissolved in 0.5% DMSO saline 

solution and intravenously injected at 3 mg/kg body 

weight 15 minutes prior to PAF challenge. Death 

occurred typically within 12-3 6 hours. Mortality 

25 was recorded 48 hours after endotoxin challenge, as 

death rarely occurred after 48 hours. 

Example 17: Effect of Compounds on Cytosol 

5-Lipoxygenass of Rat Basophile 
Leukemia Cells 

3 0 a) Enzyme preparation 

Washed rat RBL cells (4 x 10 8 ) were 
suspended in 2 0 mL of 50 M potassium phosphate 
buffer at pH 7.4 containing 10% ethylene glycol/1 
mM EDTA (Buffer A) . The cell suspension was 
3 5 sonicated at 2 0 KHz for 3 0 seconds, and the 

sonicate was centrifuged at 10,000 x g for 10 
minutes, followed by further centrif ugation at 
105,000 x g for 1 hour. The supernatant solution 
(cytosol fraction) containing 5-lipoxygenase is 
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stored at -70 °C. Protein concentration is 
determined according to the procedure of Bradford 
(Bradford Dye Reagent) with bovine serum albumin as 
a standard. 
5 b) Enzyme assay 

For routine assay of 5-LO the 
mixture contains 50 mM potassium phosphate buffer 
at pH 7.4, 2 mM CaCl 2/ 2 mM ATP, 25 M arachidonic 
acid (0.1 Ci) and enzyme (50-100 mg of protein) in 

10 a final volume of 2 00 L. The reaction is carried 
out at 24 °C for 3 minutes. The mixture is 
extracted with 0 . 2 mL of an ice-cold mixture of 
ethyl ether : methanol: 0.2 M citric acid (30:4:1). 
The extract is subjected to thin- layer 

15 chromatography at -10 °C in a solvent system of 
petroleum ether : ethyl ether : acetic acid 
(15:85:0.1). The silica gel zones corresponding to 
authentic arachidonic acid, and its metabolites are 
scraped into scintillation vials for counting. The 

2 0 enzyme activity is expressed in terms of the amount 
of arachidonic acid oxygenated for 3 minutes. 

Modifications and variations of the 
present invention relating to compounds that reduce 
the formation of oxygen radicals during an 

25 inflammatory or immune response will be obvious to 
those skilled in the art from the foregoing 
detailed description of the invention. Such 
modifications and variations are intended to come 
within the scope of the appended claims. 
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WHAT IS CLAIMED IS: 



1. A compound of the formula: 



Ar 




wherein: 



Formula I 



Ar 1 is either 





H 3 C 



Ar 2 is 




and wherein: 

W is independently selected from the 

group consisting of : 

-AN(OM)C(0)N(R 3 )R 4 , 

-AN(R 3 )C(0)N(OM)R\ 

-AN(OM) C(0)R 4 , 

-AC(0)N(OM)R 4 , 

-N(OM)C(0)N(R 3 )R 4 , 
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-N(R 3 ) C(0)N(OM)R 4 , 
-N(OM) C(0)R 4 , 
-C(0)N(OM)R 4 , 
-S(0) n R 3 , 
-S(0) 4 CH 2 C(0) A, 
-S (O) 4 CH 2 CH (OH) A, 
and -C(0)NHA, 

X is O, S, S (O) , CR 5 ; 

Y 1 , Y 2 are independently selected from the 
group consisting of: 

( a ) hydrogen ; 

(b) lower alkyl, lower alkoxy, 
lower alkenyl, lower alkynyl, 
alkylaryl; 

(c) -AN(OM) C(0)N(R 3 )R 4 , 
—AN (R 3 ) C(0)N( OM) R 4 , 
-AN(OM) C(0)R 4 , 
-AC(0)N(OM)R 4 , 
-AN(R 3 )C(0)N(OM)R 4 , 
-C(0)N(OM)R 4 , 

and 

-C(0)NHR 3 ; 

wherein A is selected from the group consisting of 
substituted or unsubstituted lower alkyl, lower 
alkyl-alkoxy , -lower alkyl-heteroaromatic-lower 
alkyl, lower alkenyl, lower alkynyl, alkaryl or 
aralkyl; 

M is selected from hydrogen, a 
pharmaceutical ly acceptable cation, and a 
metabolically cleavable leaving group; 

R 1 and R 2 are independently selected from 
hydrogen, lower alkyl, C 3 . 8 cycloalkyl, halo lower 
alkyl, halo, -COOH; 
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R 3 and R 4 are independently selected from 
the group consisting of hydrogen, substituted or 
unsubstituted alkyl, substituted or unsubstituted 
alkyl where one or more carbon atoms are replaced 
by S, N, or 0, substituted or unsubstituted 
cycloalkyl of from 3 to 8 carbon atoms, substituted 
or unsubstituted cycloalkyl of from 3 to 8 carbon 
atoms, where one or more carbons are replaced by S, 
N, or 0, alkenyl, alkynyl, aryl, aralkyl, alkaryl, 

alkoxy-Cj.jo alkyl, C x _ 6 alkylthio-C^ 10 alkyl, 
hydroxy-Cj.6 alkyl, carbonyl-C^ alkyl, C u6 

amino-Cj.6 alkyl; 

R 5 is selected from the group consisting 

of: 

(a) hydrogen; 

(b) lower alkyl lower alkenyl, 
1 ower a Iky ny 1 , a lkar y 1 ; 

(c) -AN(OM) C(0)N(R 3 )R 4 , 
-AN (R 3 ) C (O) N (OM) R 4 , 
-AN(OM)C(0)R 4 , 
-AC(0)N(OM)R 4 , 
-AC(0)N(OM)R 4 , 
-AS(0) n R 3 , 
-AS(0) n CH 2 C(0)R 3 , 
-AS (O) n CH 2 CH (OH) R 3 , 
-AC(0)NHR 3 ; 

wherein each n is independently 0, 1 or 2 ; A is 
selected from the group consisting of substituted 
or unsubstituted lower alkyl, lower alkyl-alkoxy , 
lower alkenyl, lower alkynyl, alkaryl and aralkyl; 
M is selected from hydrogen, a pharmaceutical ly 
acceptable cation, or a metabolically cleavable 
leaving group. 
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6 \ 8 3 

Formula IA OH 



wherein A is selected from the group consisting of 
substituted or unsubstituted lower alkyl lower 
alkyl-alkoxy, lower alkenyl, lower alkynyl, alkaryl 
and aralkyl; 

R 3 and R 4 are independently selected from 
the group consisting of substituted or 
unsubstituted alkyl , alkenyl, alkynyl, aryl, 
aralkyl, alkaryl, hydrogen, alkoxy-C^o alkyl and 

C U6 alkylthio-C M0 alkyl; and X is N or C-OCH 3 , and 
pharmaceutically acceptable salts thereof. 

3, The compound of claim 2, wherein R 3 
and R 4 are independently selected from the group 
consisting of substituted or unsubstituted lower 
alkyl lower alkenyl, lower alkynyl, phenyl, benzyl, 
toluyl, hydrogen, alkoxy alkyl and 
alkylthio-C^g alkyl. 

4. A compound having the following 

structure : 




(CH ) -nJLh-R 3 
2 m l 

Formula IB OH 
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wherein R 3 and R 4 are independently selected from 
the group consisting of substituted or 
unsubstituted alkyl, alkenyl, alkynyl, aryl, 
aralkyl alkaryl, hydrogen, C u6 alkoxy-C^o alkyl and 
C x _ 6 alkylthio-C^o alkyl; X is N or C-OCH 3 , and m is 
2-10, and pharmaceutically acceptable salts 
thereof . 

5. The compound of claim 4, wherein R 3 
and R 4 are independently selected from the group 
consisting of substituted or unsubstituted lower 
alkyl, lower alkenyl, lower alkynyl, phenyl, 
benzyl, toluyl, hydrogen, alkoxy-C^ alkyl and C u 
6 alkylthio-Cj.6 alkyl. 

6. Compounds of claim 1, selected from 
the group consisting of: 

Trans-2- [ 4- ( 2 - (N ' -hydroxy-N ' -substituted 

ureidyl) ethoxy) -3-methoxy-5-methylsulf onylphenyl] -5 

-(3,4, 5-trimethoxyphenyl) tetrahydrof uran, 

Trans-2- [4- (2- (N-hydroxy-N' -substituted 

ureidyl) ethoxy) -3-methoxy-5-methylsulf onylphenyl] -5 

-(3,4, 5-trimethoxyphenyl ) tetrahydrof uran , 

Trans-2- [ 3- (2- (N' -hydroxy-N' -substituted 

ureidyl) ethoxy) -4-propoxy-5-propylsulf onylphenyl] -5 

-(3,4, 5-trimethoxyphenyl ) tetrahydrof uran , 

Trans-2 - [ 3 - ( 3 - ( N ' -hydroxy-N ' -substituted 

ureidyl) propoxy) -4-propoxy-5-propylsulf onylphenyl] - 

5- 

(3,4, 5-trimethoxy-phenyl) tetrahydrof uran, 
and 

Trans-2 - [ 3 - ( 2 - ( N ' -hydroxy-N ' -substituted 

ureidyl) propoxy) -4-propoxy-5-methylsulf onylphenyl] - 

5- 

(3,4, 5-trimethoxy-phenyl) tetrahydrof uran, 

7. Compounds of claim 1, selected from 
the group consisting of: 

Trans-2- [ 3- (2- (N-hydroxy-N' -substituted 

ureidyl) propoxy) -4-propoxy-5-propylsulf onylphenyl] - 

5- 

(3,4, 5-trimethoxyphenyl) tetrahydrof uran, 
Trans-2 - [ 3 - ( 3 - ( N 9 -hydroxy-N ' -substituted 
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ureidyl) ethoxy) -4-propoxy-5-methanesulf onylphenyl ] - 
5- 

(3,4, 5-trimethoxyphenyl) tetrahydr of uran , 

Trans-2 - [ 3 - ( 4 - (N ' -hydroxy-N ' -substituted 
ureidyl) butyloxy) -4-propoxy-5-methanesulf onyl- 
phenyl] -5- (3,4, 5-trimethoxyphenyl) tetrahydrof uran, 

and 

Trans-2 - [ 3 - ( 4 - (N ' -hydroxy-N ' -substituted ureidyl ) 2 - 
butenoxy ) -4-propoxy-5-methanesulf onylphenyl ] -5- 
(3,4, 5-trimethoxyphenyl) tetrahydrof uran, 

8. A compound of claim 1, selected from 
the group consisting of the following: 

Trans-2- (3 -Methoxy-4-hydroxyethoxy-5-iodophenyl) - 
5- ( 3 , 4 , 5-trimethoxyphenyl ) tetrahydrof uran , 

Tr ans - 2 - ( 3 -Me t hoxy - 4 -me thy 1 su 1 f oxy e t hoxy - 5 - 
iodopheny 1 ) -5- ( 3 , 4 , 5-trimethoxyphenyl ) 
tetrahydrof uran , 

Trans-2- [4- (2 -hydroxy ethoxy) -3-methoxy-5- 
methylthiophenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrof uran , 

Trans-2 - [ 4 - ( 2 -hydroxy ethoxy ) -3 -methoxy-S- 
methylsulf onylphenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrof uran , 

and 

Trans-2- [4- (2-methylsulf oxy ethoxy) -3-methoxy-5- 
methylsulf onylphenyl ] -5- (3,4, 5-trimethoxyphenyl) 
tetrahydrof uran . 

9. A compound of claim 1, selected from 

the group consisting of the following: 

Trans-2- [4- (2-phthalimidylethoxy) -3-methoxy-5-methy 
lsulf onylphenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrof uran , 

Trans-2- [ 4- (2-aminoethoxy) -3-methoxy-5- 
methylsulf onylphenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrof uran , 

Trans-2 - [ 4 - ( 2 - (N ' -methyl -N ' -hydroxy 

ureidyl) ethoxy) - 3 -methoxy-5-methy lsulf onylphenyl] - 
5- (3, 4, 5- trimethoxyphenyl) tetrahydrof uran, 

Trans -2-[4-(2-(N' -buty 1 -N ' -hy dr oxyur e idy 1 ) ethoxy ) - 
3-methoxy-5-methylsulf onylphenyl] -5- (3 , 4 , 5- 
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trimethoxyphenyl) tetrahydrofuran , 
and 

Trans-2- [ 4- (2- (N ' -buty 1-N ' -cyclohexany 1-N ' - 
hydroxy) ureidylethoxy ) -3-methoxy-5-methylsulf onyl- 
phenyl] -5- (3,4, 5-trimethoxy-phenyl) tetrahydrofuran, 



10. A compound of claim 1, selected from 

the group consisting of the following: 

Trans-2- [4- (2-N-hydroxyaminoethoxy) -3-methoxy-5- 
methy lsulf ony lpheny 1 ] -5- ( 3 , 4 , 5 -trimethoxyphenyl ) 
tetrahydrofuran , 

Trans-2- [4- ( 2 -N-hydroxy-N' -hydrogen ureidyl) 
ethoxy) -3-methoxy-5-methylsulf onylphenyl] -5- 
(3,4, 5 -trimethoxyphenyl) tetrahydrofuran, 

Trans-2- [4- (2- (N-hydroxy-N 7 -methylureidyl) ethoxy) - 
3 -methoxy-5-methy lsulf onylphenyl] -5- (3,4,5- 
trimethoxyphenyl ) tetrahydrofuran , 

Trans-2 - [ 4 - ( 2 - (N-hydroxy-N ' -propy lur eidy 1 ) 
ethoxy) -3-methoxy-5-methylsulf onylphenyl] -5- 
(3,4, 5 -trimethoxyphenyl) tetrahydrofuran, 

and 

Trans-2 - ( 3 -benzyloxy-4 -propoxy-5 - 
me thy lsulf ony lphen - 

yl) -5- (3 , 4 , 5-trimethoxyphenyl) tetrahydrofuran, 

11. A compound of claim 1, selected from 

the group consisting of the following: 

Trans-2- ( 3 -benzy loxy-4 -propoxy-5-propylsulf onyl- 
phenyl) -5- (3 , 4 , 5-trimethoxyphenyl) tetrahydrofuran, 

Trans-2- ( 3 -hydroxy-4 -propoxy-5 - 

propylsulf onylphenyl) -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrofuran , 

Trans-2- [3- (2- (N-benzyloxycarbonylamino) ethoxy) 
-4-propoxy-5-propylsulf onylphenyl] -5- (3,4,5- 
tr imethoxypheny 1 ) tetrahydrofuran , 

Trans-2- [3- (2-aminoethyoxy) -4 -propoxy-5- 
propylsulf onylphenyl ] -5- (3,4, 5-trimethoxyphenyl ) 
tetrahydrofuran , 

and 

Trans-2- [3- (2- (N' -N' -hydroxyureidyl) ethoxy) -4- 
propoxy-5-propylsulf onylphenyl] -5- (3,4,5- 

-90- 



WO 95/18610 



PCT/US95/00060 



tr imethoxypheny 1 ) -tetrahydrofuran . 

12. A compound of claim 1, selected from 
the group consisting of the following: 

Trans-2-[3-(2- (N' - (propyn-2-yl) -N ' -hydr oxyur eidy 1 ) 
ethoxy) -4-propoxy-5-propylsulf onylphenyl] -5- (3 , 4 , 5- 
tr imethoxypheny 1 ) tetrahydrofuran , 

Trans-2- [ 3 - ( 2 - ( N ' - ( l-methy lpr opy 1 ) — N ' -hydroxy 
ureidyl) ethoxy) -4-propoxy-5-propylsulf onylphenyl] -5 
-(3,4, 5 -tr imethoxypheny 1 ) tetrahydrofuran , 

Trans-2 -[3-(2-(N'-( l-methy lpr opyn- 2-yl) -N' -hydr oxy- 
ur eidy 1) ethoxy) -4-propoxy-5-propylsulf onylphenyl] -5 
-(3,4, 5 -tr imethoxypheny 1 ) tetrahydrofuran , 

and 

Trans-2- [ 3- (2- (N' -methyl -N' -hydr oxyur eidy 1) ethoxy) - 
4-propoxy-5-propylsulf onylphenyl] -5- (3 , 4 , 5- 
tr imethoxypheny 1 ) tetrahydrofuran . 



13. A compound of claim 1, selected from 

the group consisting of the following: 

Trans-2- [ 3- (3- (N' -benzyloxycarbonylamino) propoxy) - 
4-propoxy-5-propylsulf onylphenyl] -5- (3 , 4 , 5- 
tr imethoxypheny 1) tetrahydrofuran, 

Trans-2- [3- (3-aminopropoxy) -4-propoxy-5- 
propylsulf onyl-phenyl] -5- (3 , 4 , 5 -tr imethoxypheny 1) 
tetrahydrofuran , 

Trans-2- [ 3- (3- (N' -methyl-N'hydroxyureidyl) propoxy) - 
4 -propoxy-5-propylsulf onylphenyl ] -5- (3,4,5- 
tr imethoxypheny 1 ) tetrahydrofuran , 

Trans-2- [3- (3- (N' -butyl -N' hydr oxyur eidy 1) propoxy) - 
4-propoxy-5-propylsulf onylphenyl] -5- (3 , 4,5- 
tr imethoxypheny 1 ) tetrahydrofuran , 

and 

Trans-2 - [3— (3- (N' - l-methy lpropyn-2 -y 1 ) - 
N ' hydr oxyureidyl) propoxy) -4-propoxy-5- 
propylsulf onylphenyl] -5- (3 , 4 , 5 -tr imethoxypheny 1) 
tetrahydrofuran , 

14. A compound of claim 1, selected from 
the group consisting of the following: 

Trans-2- (3 -hydroxy-4-propoxy-5-methylsulf onyl- 
phenyl) -5- (3 , 4 , 5-trimethoxyphenyl) tetrahydrofuran, 
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Trans-2- [3- (4-phthalimidyl-2-butenoxy) -4-propoxy- 
5-methylsulf onylphenyl) -5- (3 , 4 , 5- 
tr imethoxypheny 1 ) tetrahydrofuran , 

Trans-2 - [ 3 - ( 4 -amino- 2 -butenoxy ) -4-propoxy-5- 
methylsulf onylphenyl] -5- (3 , 4 , 5 - tr imethoxypheny 1) 
tetrahydrofuran , 

Trans-2- [ 3- (4- (N'-methyl-N'-hydroxyureidyl) -2- 
butenoxy) -4-propoxy-5-methylsulf onylphenyl] -5- (3 , 4 , 
5 -tr imethoxypheny 1 ) tetrahydrofuran , 

and 

Trans-2 - [3 - (4 - (N ' -ethy 1— N ' -^hydroxyureidy 1 ) -2- 
butenoxy) -4-propoxy-5-methylsulf onylphenyl] -5- (3 , 4 , 
5 - 1 r imethoxypheny 1 ) tetrahydrofuran . 

15. A compound of claim 1, selected from 

the group consisting of the following: 

Trans-2- [ 3- (4- (N' -butyl-N' -hydroxyureidyl) -2- 
butenoxy) -4-propoxy-5-methylsulf onylphenyl] - 
5- (3 , 4 , 5-tr imethoxypheny 1) tetrahydrofuran, 

Trans-2- [3- (4- (N 7 -propyn-2-yl) -N ' -hy dr oxy ur e idy 1 ) - 

2 -butenoxy) -4-propoxy-5- 

methylsulf onylphenyl] -5- (3 , 4 , 

5-tr imethoxypheny 1) tetrahydrofuran , 

Trans-2-[3- (4- (N'- (2, 3-dichlorobenzyl) - 
N'-hydroxyureidyl) -2-butenoxy) -4-propoxy-5- 
methylsulf onylphenyl] -5- (3 , 4 , 5-tr imethoxypheny 1) 
tetrahydrofuran , 

Trans-2- [ 3- (4- (N' -amino-N' -hydroxyureidyl) -2- 
butenoxy) -4-propoxy-5-methylsulf onylphenyl] -5- (3 , 4 , 
5-tr imethoxypheny 1 ) tetrahydrofuran , 

and 

Trans-2- [3- ( 4 -bromo-2 -butenoxy) -4 -propoxy-5 - 
methylsulf onylphenyl] -5- (3 , 4 , 5-tr imethoxypheny 1) 
tetrahydrofuran . 

16. A compound of claim 1, selected from 

the group consisting of the following: 

Trans-2- [3- ( 4 -hydroxyamino-2 -butenoxy) -4 -propoxy-5 - 
methylsulf onylphenyl] -5- (3 , 4 , 5-tr imethoxypheny 1) 
tetrahydrofuran , 

Trans-2- [ 3- (4- (N' -amino-N-hydroxyureidyl) -2- 
butenoxy) -4-propoxy-5-methylsulf onylphenyl] -5- 
(3,4, 5 -tr imethoxypheny 1) tetrahydrofuran, 
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Trans-2- [3- (propoxy-2-one) -4-propoxy-5- 
methylsulf onylphenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrofuran , 

Trans-2- [3- (propoxy-2-ol) -4 -propoxy - 

5-methylsulf onylphenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 

tetrahydrofuran , 

and 

Trans-2- [3- (2-phthalimidyl) propoxy) -4- 
propoxy-5-methylsulf onylphenyl ] -5- ( 3 , 4 , 5- 
tr imethoxypheny 1 ) tetrahydrofuran , 

17. A compound of claim 1, selected from 

the group consisting of the following: 

Trans-2- [ 3- (2-aminopropoxy) -4 -propoxy- 5- 
methylsulf onylphenyl] -5- (3,4, 5-trimethoxyphenyl) 
tetrahydrofuran , 

Trans-2- [ 3- (2- (N' -methyl-N' -hydroxyureidyl) 
propoxy) -4-propoxy-5-methylsulf onylphenyl] -5- 

(3,4, 5-trimethoxyphenyl) tetrahydrofuran, 
Trans-2-[3-(2-(N 7 -butyl -N 9 -hydroxyureidyl ) 
propoxy ) - 4 -prop oxy - 5 -me thy 1 su 1 f ony lpheny 1 ] - 5 - 

(3,4, 5-trimethoxyphenyl) tetrahydrofuran, 

Trans-2- [ 3- (propoxy-2-one) -4 -propoxy- 5 - 
propylsulf onylphenyl] -5 (3,4, 5-trimethoxyphenyl) 
tetrahydrofuran , 

and 

Trans-2- [3- (propoxy-2-ol) -4-propoxy-5- 
propylsulf onylphenyl] -5 (3,4, 5-trimethoxyphenyl) 
tetrahydrofuran . 

18. A compound of claim 1, selected from 

the group consisting of the following: 

Trans-2- [ 3- (2 -methylsulf onylphenyl] -4 -propoxy-5- 
propylsulf onylphenyl] -5- (3,4, 5-trimethoxyphenyl) 
tetrahydrofuran , 

Trans-2- [ 3- (2-hydroxyaminopropoxy) - 
4 -propoxy-5-propylsulf onylphenyl] -5- 
(3,4, 5-trimethoxyphenyl) tetrahydrofuran, 

Trans-2- [3- (2- (N' -amino-N-hydroxyureidyl) 
propoxy) -4-propoxy-5-propylsulf onylphenyl] -5- 
(3,4, 5-trimethoxyphenyl) tetrahydrofuran, 

Trans-2- [ 3- (2- (N 7 -methyl-N-hydroxyureidyl) propoxy ) - 
4-propoxy-5-propylsulf onylphenyl] -5- 
(3,4, 5-trimethoxyphenyl) tetrahydrofuran, 
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and 

Trans-2- [3- ( 3-benzyloxycarbonylamino) propoxy ) -4- 

ethoxy-5-methanesulf onylphenyl ] -5- 

(3,4, 5-trimethoxyphenyl) tetrahydrofuran. 

19. A compound of claim 1, selected from 

the group consisting of the following: 

Trans-2- [3- (3-aminoethoxy) -4-propoxy-5- 
methanesulf onylphenyl] -5- (3,4, 5-trimethoxyphenyl) 
tetrahydrofuran , 

Trans-2- [ 3- (3- (N' -methyl-N ' hydroxyureidyl) propoxy) - 
4-propoxy-5-propylsulf onylphenyl ] -5- (3,4,5- 
trimethoxy-phenyl) tetrahydrofuran, 

Trans-2- [3- (4-phthalimidylbutyloxy ) -4-propoxy-5- 
methylsulf onylphenyl] -5- (3,4, 5-trimethoxyphenyl) 
tetrahydrofuran , 

Trans-2- [ 3- (4-aminobutyloxy ) -4-propoxy-5-methyl- 
sulf onylphenyl] -5- (3,4, 5-trimethoxyphenyl) 
tetrahydrofuran , 

and 

Trans-2- [ 3- (4- (N' -methyl-N' -hydroxyureidyl) 
butyloxy) -4-propoxy-5-methylsulf onylphenyl] -5- 
(3,4, 5-trimethoxyphenyl) tetrahydrofuran. 

20. A compound of claim 1, selected from 

the group consisting of the following: 

Trans-2- (3-methylsulf onyl-5- (4-phthalimido-but-2- 
ynyloxy) -4-propyloxyphenyl) -5- (3 ,4,5- 
tr imethoxypheny 1 ) tetrahydrofuran , 

Trans - 2 - ( 3 -hydroxy- 5 -me thy 1 su 1 f ony 1-4- 
propyloxy phenyl) -5- (3,4, 5-trimethoxyphenyl) 
tetrahydrofuran , 

Trans-2- [3- (4-amino-but-2-ynyloxy) -5- 
methylsulf onyl-4-propyloxyphenyl] 5- (3 , 4 , 5- 
tr imethoxypheny 1 ) tetrahydrofuran , 

Trans-2- [ 3- [4- (N' -methyl-N' -hydroxyureidyl) but-2- 
ynyloxy] -5-methylsulf onyl-4-propyloxyphenyl] -5- (3 , 
4 , 5-trimethoxyphenyl) -tetrahydrofuran, 

and 

Trans-2- [ 3-propylsulf onyl-5- (4-phthalimido-but-2- 
ynyloxy) -4-propyloxyphenyl] -5- (3,4,5- 
tr imethoxypheny 1 ) tetrahydrofuran . 
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21. A compound of claim 1, selected from 

the group consisting of the following: 

Trans-2- [3- ( 4 -amino-but-2 -ynyloxy) -5-propylsulf onyl 
- 4-propyloxyphenyl] -5- (3,4, 5-trimethoxyphenyl) 
tetrahydrof uran , 

Trans-2- [ 3- [4- (N' -butyl-N' -hydroxyureidyl) -but-2- 
ynyloxy] -5-propylsulf onyl-4-propyloxyphenyl] -5- (3 , 4 
, 5-trimethoxyphenyl ) tetrahydrof uran , 

Trans-2- [ 3-methylsulf onyl-5- (4-hydroxy-but-2- 
ynyloxy) -4-propyloxyphenyl] -5- (3 ,4,5- 
tr imethoxypheny 1 ) tetrahydrof uran , 

Trans-2- [ 3- [4- (N-phenoxycarbonyloxy-N- 
phenoxycarbonylamino) -but-2 -ynyloxy] -5-methylsulf on 
yl-4-propyloxyphenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrof uran , 

and 

Trans-2- [ 3- [ 4- (N-hydroxyureidyl) -but -2 -ynyloxy] -5- 
methylsulf onyl-4-propyloxyphenyl] -5- (3 , 4 , 5- 
tr imethoxypheny 1 ) tetrahydrof uran . 

22. A compound of claim 1, selected 

from the group consisting of the following: 

Trans -2-[3-(2-(N / -hy dr oxy-N ' -me thy lur e idy 1 ) ethoxy ) - 
4- 

p r op o xy - 5 -me thy lsulfonylphenyl]-5- 

[5- (2 , 3-dimethoxy)pyr idyl] tetrahydrof uran, 

Trans-2- [3- (2- (N' -hydroxy-N 7 -butylureidyl) ethoxy) - 

4-propoxy-5-propylsulf onylphenyl] -5- 

[ 5- ( 2 , 3 -dimethoxy ) pyr idyl ] tetrahydrof uran , 

Trans-2 - ( 3 -benzy loxy-4 -propoxy-5- 
propylsulf onylphenyl) -5- [5- (2 , 3-dimethoxy) 
pyr idy 1 ] tetrahydrof uran , 

Trans-2- (3-hydroxy-4-propoxy-5- 

me thy lsu If onylphenyl) -5- [ 5- (2 , 3-dimethoxy) 

pyr idy 1 ] tetrahydrof uran , 

and 

Trans-2- (3-hydroxy-4-propoxy-5- 
propylsulf onylphenyl) -5- [5- (2 , 3-dimethoxy) 
pyr idy 1 ] tetrahydrof uran . 

23. A compound of claim 1, selected from 
the group consisting of the following: 

Trans-2- [3- (2-N-benzyloxycarbonylaminoethoxy) -4- 
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propoxy-5- 

methylsulf onylphenyl) -5- [ 5- (2 , 3-dimethoxy) 
pyr idy 1 ] tetrahydrofuran , 

Trans-2- [ 3- ( 2-N-benzyloxycarbonylaminoethoxy ) -4- 
propoxy-5-propylsulf onylphenyl] -5- [5- (2 , 3-dimethoxy 

) 

pyr idyl ] tetrahydrofuran , 

Trans-2- [3- (2-aminoethoxy) -4-propoxy-5- 
methylsulf onylphenyl] -5- [5- (2 , 3-dimethoxy) pyr idyl] 
tetrahydrofuran , 

Trans-2- [3- (2-aminoethoxy) -4-propoxy-5- 
propylsulf onylphenyl) -5- [5^ (2 , 3-dimethoxy) 
pyr idyl ] tetrahydrofuran , 

and 

Trans-2- [3- (2- (N' -hydroxy-N-methylureidyl) ethoxy) - 

4- propoxy-5methylsulf onylphenyl ] -5- 

[5- (2 , 3-dimethoxy) pyr idyl] tetrahydrofuran, 

24. A compound of claim 1, selected from 
the group consisting of the following: 

Trans-2- [ 3- (2- (N' -hydroxy-N' -butylureidyl) ethoxy) -4 

propoxy-5-propylsulf onylphenyl] -5- [5- (2 , 3-dimethoxy 
) 

pyr idy 1 ] tetrahydrofuran , 
and 

Trans-2- [3- (2- (N' -hydroxy-N' -ethylureidyl) ethoxy) -4 

propoxy- 5 -methyl sulf onylphenyl] -5- [5- (2 , 3-dimethoxy 
) 

pyr idyl ] tetrahydrofuran . 

25. A compound of claim 1, selected from 
the group consisting of the following: 

Trans-2- [ 2- (N 7 -sec-butyl— N 7 - 

hydroxyureidylmethylfuran-5-methylenoxy) -4 -propoxy - 

5- methylsulf onylphenyl] -5- (3,4,5- 
tr imethoxypheny 1 ) tetrahydrofuran , 

Trans-2- [2- (N' -methyl-N' -hydroxyureidylmethylf uran- 
5 -methyl enoxy) -4-propoxy-5-methylsulf onylphenyl] -5- 
(3,4, 5 -tr imethoxypheny 1) tetrahydrofuran, 

Trans -2-[2-(N' -n-buty 1 -N ' - 

hy dr oxy ur e idy lme t hy 1 f ur an - 5 -me thy 1 enoxy ) - 4 -propoxy - 
5 -methyl sulf onylphenyl] -5- (3,4,5- 
tr imethoxypheny 1 ) tetrahydrofuran , 
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Trans-2 - [ 2 - (N ' -sec-buty 1-N ' - 

hydroxyureidylmethylf uran-5-methylenoxy) -4-propoxy- 
5 -methy lsulfony phenyl ] -5- (3,4,5- 
tr imethoxypheny 1 ) tetrahydrof uran , 

Trans-2- [2- (N 7 -hydroxyureidylmethylf uran-5- 
methyl enoxy) -4-propoxy-5-methylsulf onylphenyl] -5- 
(3,4, 5 - tr imethoxypheny 1) tetrahydrof uran, 

Trans -2-[2-(N 7 -(3 -methy lbuty l ) -n 7 - 

hydroxyureidy lmethy If uran-5 -methy lenoxy ) -4 -propoxy- 
5-methylsulf onylphenyl] -5- (3 , 4 , 5 -tr imethoxypheny 1) 
tetrahydrof uran , 

Trans-2- [2- (N 7 -isopropyl— N 7 - 

hydroxyureidy lmethy If uran-5-methy lenoxy) -4-propoxy- 
5-methylsulf onylphenyl] -5- (3 , 4 , 5 -tr imethoxypheny 1) 
tetrahydrof uran , 

Trans-2- [2- (N 7 -eye lopropy lmethy 1-N 7 - 

hy dr oxyur e i dy lmethy 1 f uran - 5 -methy 1 enoxy ) - 4 -pr opoxy- 
5-methylsulf onylphenyl ] -5- (3,4,5- 
tr imethoxypheny 1 ) tetrahydrof uran , 

Trans-2- [ 2- (N 7 -cyclobutyl-N 7 - 

hy dr oxyur e idy lmethy 1 f uran - 5 -methy 1 enoxy ) - 4 -pr opoxy- 
5-methylsulf onylphenyl] -5- (3 , 4 , 5-trimethoxyphenyl) 
tetrahydrof uran , 

Trans-2- [2- (N 7 -hydroxyureidylmethylf uran-5 - 
methylenoxy) -4-propoxy-5-methylsulf onylphenyl] -5- 
(3,4, 5-trimethoxyphenyl ) tetrahydrof uran , 

Trans-2- [2- (N 7 - (3-methylpropyl) -N 7 — 
hydroxyureidy lmethy lpyridine-6-methylenoxy) -4- 
propoxy-5-methylsulf onylphenyl ] -5- (3,4,5- 
tr imethoxypheny 1 ) tetrahydrof uran , 

Trans-2- [2- (N 7 -cyclopropy lmethy 1-N 7 - 

hy dr oxyur e i dy lmethy lpy r id ine - 6 -methy 1 enoxy ) - 4 - 

propoxy-5-methylsulf onylphenyl] -5- (3 ,4,5- 

tr imethoxypheny 1 ) tetrahydrof uran , 

Trans-2 - [ 2 - (N 7 -n-buty 1-N 7 - 

hydroxyureidy lmethy lpyridine-6-methy lenoxy) -4- 
propoxy-5-methylsulf onylphenyl ] -5- (3,4,5- 
tr imethoxypheny 1) tetrahydrof uran , 

Trans-2 - [ 2 - (N 7 -n-buty 1-N 7 - 

hydroxyureidy lmethy Ipyridine- 6 -methylenoxy) -4- 
propoxy-5-methylsulf onylphenyl] -5- (3 , 4 , 5- 
trimethoxy phenyl) tetrahydrof uran hydrochloride 
salt, 

Trans-2 - [ 2 - (N 7 -benzyl ) -N 7 - 

hy dr oxyur e i dy lmethy lpy r i d ine - 6 -methy 1 enoxy ) - 4 - 
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propoxy-5-methylsulf ony lphenyl ] -5- (3,4,5- 
tr imethoxy phenyl ) tetrahydrofuran , 

Trans-2-[2- (N' -alkyl-N' -hydroxyureidylmethylf uran- 
5-methylenoxy) -4 -propoxy-5-methylsulf ony lphenyl] -5- 
( 3 , 4 , 5-tr imethoxypheny 1 ) tetrahydrofuran , 

Trans- 2 - [ 2 - ( N ' - ( 3 -alky 1 ) — N 9 - 

hydroxyureidylmethylpyridine-6-methylenoxy) -4- 

propoxy-5-methylsulf ony lphenyl ] -5- (3,4,5- > 
t r imethoxypheny 1 ) t e t r ahy dr o f ur an , 

and 

Trans-2- [2- (N' -hydroxyureidylmethylf uran-5- 
methylenoxy) -4-propoxy-5-methylsulf ony lphenyl] -5- 
(3,4, 5 -tr imethoxypheny 1) tetrahydrofuran. 

26. A pharmaceutical composition 
comprising an effective PAF receptor antagonist 
and/or 5-lipoxygenase inhibitory amount of a 
compound of claim 1 in a pharmaceutically 
acceptable carrier . 

27. A pharmaceutical composition 
comprising an effective PAF receptor antagonist 
and/or 5-lipoxygenase inhibitory amount of a 
compound of claim 2 in a pharmaceutically 
acceptable carrier . 

28. A pharmaceutical composition 
comprising an effective PAF receptor antagonist 
and/or 5-lipoxygenase inhibitory amount of a 
compound of claim 3 in a pharmaceutically 
acceptable carrier . 

29. A method for the treatment of 
disorders mediated by platelet activating factor or 
products of 5-lipoxygenase in an animal, comprising 
administering an to an animal in need of such 
treatment, an amount effective to reduce formation 
of oxygen radicals In vivo, of a compound of claim 
1 in a pharmaceutically acceptable carrier. 

30. The method of claim 28, wherein the 
animal is a mammal selected from the group 
consisting of human, equine, canine and bovine. 
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31. The method of claim 28, wherein the 
disorders mediated by platelet activating factor or 
products of 5-lipoxygenase are selected from the 
group consisting of arthritis , acute inflammation, 
asthma, endotoxic shock, pain, psoriasis, 
ophthalmic inflammation, ischemia, gastrointestinal 
ulceration, myocardial infarction, inflammatory 
bowel diseases, and acute respiratory distress 
syndrome . 

32. A method for the treatment of 
disorders mediated by platelet activating factor or 
products of 5-lipoxygenase in an animal, comprising 
administering an to an animal in need of such 
treatment, an amount effective to reduce formation 
of oxygen radicals in vivo, of a compound of claim 

2 in a pharmaceutically acceptable carrier. 

33. The method of claim 31, wherein the 
animal is a mammal selected from the group 
consisting of human, equine, canine and bovine. 

34. The method of claim 31, wherein the 
disorders mediated by platelet activating factor or 
products of 5-lipoxygenase are selected from the 
group consisting of arthritis, acute inflammation, 
asthma, endotoxic shock, pain, psoriasis, 
ophthalmic inflammation, ischemia, gastrointestinal 
ulceration, myocardial infarction, inflammatory 
bowel diseases, and acute respiratory distress 
syndrome . 

35. A method for the treatment of 
disorders mediated by platelet activating factor or 
products of 5-lipoxygenase in an animal, comprising 
administering an to an animal in need of such 
treatment, an amount effective to reduce formation 
of oxygen radicals in vivo, of a compound of claim 

3 in a pharmaceutically acceptable carrier. 

36. The method of claim 34, wherein the 
animal is a mammal selected from the group 
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consisting of human, equine, canine and bovine. 

37. The method of claim 34, wherein the 
disorders mediated by platelet activating factor or 
products of 5- lipoxygenase are selected from the 
group consisting of arthritis, acute inflammation, 
asthma, endotoxic shock, pain, psoriasis, 
ophthalmic inflammation, ischemia, gastrointestinal 
ulceration, myocardial infarction, inflammatory 
bowel diseases, and acute respiratory distress 
syndrome. 

38. The compound of claim 1 wherein W is 
me thy 1 sulfonyl. 

39. The compound of claim 1 wherein the 
heteroaromatic substituent is furan. 

40. The compound of claim 1 wherein the 
heteroaromatic substituent is pyridine. 

41. The compound of claim 1 having the 
structure : 




42. The compound of claim 41 having the 

structure : 
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43. The compound of claim 41 having the 



structure : 
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